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Abstract 
 
The Denali Fault is an active intracontinental structure located ~500 km north of the 
southern Alaskan plate boundary. In 2002, a M 7.9 earthquake initiated on a previously 
unmapped thrust fault subsidiary to the Denali Fault (Susitna Glacier Thrust) and propagated 
~227 km eastward along the east-central segment of the Denali Fault and the Totschunda Fault. 
The objective of this thesis is to evaluate how fault geometry and rheologic strength control 
spatial-temporal patterns of exhumation along large-scale transpressive structures. Apatite fission 
track (AFT) thermochronology and apatite (U-Th)/He (AHe) dating are used on a combination of 
bedrock and cobble samples to constrain cooling initiated by erosional exhumation, and make 
inferences about the vertical component of faulting activity for thrust faults subsidiary to the 
Denali Fault. 
AFT analysis for bedrock samples collected south of the east-central Denali Fault reveals 
rapid Miocene exhumation (young AFT ages) west of the Gakona Glacier, and more complex 
cooling (old AFT ages) east of the Gakona Glacier. Using an estimated Holocene slip rate for the 
east-central Denali Fault, the location of the older eastern samples are constrained to the 
Mentasta releasing bend during a well-documented exhumation event in the Late Miocene. This 
suggests that fault geometry plays a vital role in controlling exhumation patterns. 
Inverse thermal modeling of a combination of bedrock and cobble samples resolves 
episodes of cooling at 170-150, 100-80, 60-50, 35-25, 12-10 and ca. 6 Ma. These cooling trends 
correlate with changes in plate boundary processes at the North America-Pacific Plate boundary 
that control tectonic events in south-central Alaska. Miocene changes in plate motion of the 
Yakutat and Pacific plates correlate with the most dominant cooling episodes. AHe data further 
supports a subsequent Pleistocene acceleration of the cooling event that begins in the Late 
Miocene. The Pleistocene acceleration in cooling is interpreted to correspond with efficient 
glacial erosion during the Pleistocene glacial maximum. 
Gaining a better understanding of how obliquely transpressive structures operate is 
important because the east-central Denali Fault is transected by the trans-Alaskan pipeline, and 
because the Denali Fault serves as an analog for similar structures with large population 
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The Denali Fault is an ~2000 km long obliquely-transpressive structure located in south-
central Alaska with ~400 km of post-Cretaceous dextral offset (Figure 1) (e.g., Lanphere, 1978; 
Plafker and Berg, 1994). The Denali Fault traces a broad arc from southwest Alaska, northeast to 
the Alaska Range and southeast to the Alaska-Canada border (St. Amand, 1957; Plafker and 
Berg, 1994). Transpression on the Denali Fault is driven by southern Alaska plate boundary 
processes (e.g., Eberhart-Phillips et al., 2006; Worthington et al., 2012; Jadamec et al., 2013). 
Oblique strain is partitioned into strike-slip motion on the master-strand of the Denali Fault and 
dip-slip motion on subsidiary thrusts (Figure 2). Pleistocene strike-slip motion on the Denali 
Fault decreases from east to west as the westernmost subsidiary thrusts accommodate a larger 
proportion of oblique fault motion than those to the east (e.g., Redfield and Fitzgerald, 1993; 
Haeussler, 2008). 
Rheologic strength, fault geometry and obliquity of motion are the primary controllers of 
kilometer scale patterns of exhumation for obliquely transpressive structures (e.g., Sylvester, 
1988). In such structural systems, thrust faults subsidiary to a master fault strand accommodate 
the oblique component of compression, causing rock uplift in the hanging wall. Uplifted hanging 
wall rocks may be eroded synchronously with thrusting or over 10’s of millions of years (e.g., 
Metcalf et al., 2009). Uplifted rock is preferentially exhumed because it is susceptible to erosion, 
which results in removal of overburden. Low temperature thermochronology may be used to 
constrain cooling of exhumed rocks through the top several kilometers of the Earth’s crust (e.g., 
Gallagher et al., 1998; Fitzgerald and Malusà, 2018). Rheologically weak terranes are 
preferentially deformed and uplifted when juxtaposed against stronger terranes, thus resulting in 
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rapid focused erosional exhumation in weak terranes along fault boundaries (e.g., Dayem et al. 
2009). Variation in the trace of the master-strand of a large-scale transpressive structure may 
result in partitioning of strain along the fault. Releasing bends represent locations on strike-slip 
faults that produce minimum shortening relative to translation on their concave sides while 
restraining bends have the opposite effect (e.g., Sylvester, 1988). In addition, proximity to major 
structures is an important controller of exhumation patterns at smaller scales because rock 
proximal to large faults, such as the Denali Fault, will generally exhume faster than distil rocks. 
This is because rocks proximal to a large fault are tectonically deformed resulting in efficient 
erosion. The existence of complex subsidiary structures can complicate this relationship. 
Previous work in the Alaska Range (e.g., Plafker et al., 1992; Fitzgerald et al., 1993, 
1995, 2014; Benowitz et al., 2012; Riccio et al., 2014) has revealed an asymmetric pattern of 
topography and exhumation with respect to restraining bends. In the Central Alaska Range, 
topography and exhumation are focused on the south side of the Denali Fault, at the concave side 
of the McKinley restraining bend. This would be anticipated based on fault geometry 
relationships. In the Eastern Alaska Range, topography and exhumation are focused on the north 
side of the Denali Fault, at the convex side of the Hayes restraining bend. This, however, would 
not be anticipated based on fault geometry relationships (Figure 1). Fitzgerald et al. (2014) 
suggested that interactions between proximal terranes of differing rheologic strength and a weak 
intercontinental suture zone could explain this asymmetry. While deformation is driven by the 
Denali Fault, the location of exhumation occurs in the relatively rheologically weaker terrane 
juxtaposed against the stronger terrane. The east-central Denali Fault, located east of the Alaska 
Range, presents an opportunity to directly compare rheologic strength and fault geometry 
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because it is roughly linear in trace, includes subsidiary thrusts, and forms the boundary between 
two composite accretionary terranes.  
This study is a part of a collaborative project, the aim of which is to compare the 
competing interactions between rheologic strength, fault geometry and relative obliquity of 
motion on patterns of deformation at large scale transpressive structures such as the Denali Fault. 
Spatial-temporal exhumation patterns along and across the Denali Fault and subsidiary thrusts 
are constrained using apatite fission track (AFT) thermochronology and apatite (U-Th)/He (AHe) 
dating on a combination of bedrock and cobble samples. The primary subsidiary structures under 
study are the McCallum Slate Creek Thrust and an unnamed thrust herein referred to as the 
Gakona thrust (Figure 2). Bedrock samples are used to directly constrain exhumation on fault-






 Central and southern Alaska have been a site of terrane accretion since the Mesozoic 
(Coney et al., 1980; Csejtey et al., 1982; Jones et al., 1982, 1986; Nokleberg et al., 1985; Plafker 
and Berg, 1994). Accretion of the Yukon Composite Terrane with the North American Craton in 
the Jurassic (160-120 Ma) was followed by accretion of the Wrangellia Composite Terrane in the 
Cretaceous (120-84 Ma) (Plafker and Berg, 1994). The southern Alaskan plate boundary is 
currently dominated by subduction of the Pacific plate and collision of the Yakutat plate. 
Eberhart-Phillips et al. (2006) used seismic tomography to subdivide the Yakutat plate into the 
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Yakutat slab (composed of thick oceanic crust) and the Yakutat microplate (composed of a 
relatively buoyant oceanic plateau) (Figure 1). The Yakutat slab began subducting in the Late 
Oligocene and has undergone ~500 km of subduction at a shallow angle (~6°) since ca. 10 Ma 
(Eberhart-Phillips et al., 2006; Gulick et al., 2007). The Yakutat plate has undergone changes in 
the relative plate motion direction at ca. 25, 10.6 and 5.5 Ma (Figure 3) (e.g., Eberhart-Phillips et 
al., 2006).  
Subduction of the Pacific and Yakutat plates exerts stress on the south-central Alaskan 
lithosphere, some of which is transferred inboard ~500 km to the Denali Fault where it is 
expressed as dextral transpression (e.g., Stout and Chase, 1980; Crone et al., 2004; Jadamec et al, 
2013). The difference in subduction angles between the Pacific plate and Yakutat slab as well as 
partial collision of the buoyant Yakutat microplate, result in non-uniform transfer of stress. This 
complex stress regime results in partial counterclockwise rotation of the southern Alaskan block, 
shortening across the Alaska Range and westward crustal extrusion (Figure 1) (e.g., St. Amand, 
1957; Redfield et al., 2007; Haeussler et al., 2017). 
The manner in which these competing factors are expressed upon the different segments 
of the Denali Fault is dependent upon their orientations with respect to the stress regime. This 
results in predominantly strike-slip motion on the east Denali and Totschunda faults (~14 
km/Myr combined strike slip rate), transpression on the east-central Denali Fault (~13 km/Myr 
strike slip rate) and transpression with a greater component of relative compression on the central 
(McKinley) Denali Fault (~8-12 km/Myr) (slip rates from Haussler et al., 2017) (Figure 1). This 
relationship is responsible for the decrease in strike slip motion (e.g., Redfield and Fitzgerald, 
1993; Haussler et al., 2017) and a general increase in uplift, exhumation, and topographic 
development (e.g., Haussler et al., 2008) from east to west along the Denali Fault. 
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Accreted Composite Terranes 
The Yukon Composite Terrane constitutes an amalgamation of several smaller terranes 
that are interpreted to have accreted to North America during the Mid Jurassic (e.g., Mihalynuk 
et al., 1994; Gehrels, 1990). The Yukon Composite Terrane consists of ductilely deformed 
Proterozoic and Paleozoic metamorphic rocks and plutonic remnants of a volcanic arc system 
(e.g., Nokleberg et al., 1994). It is felsic to intermediate in composition and varies in thickness 
from 24-28 km (Beaudoin et al., 1992; Brocher et al., 2004; Eberhart-Phillips et al., 2006; 
Veenstra et al., 2006; Fuis et al., 2008; Brennan et al., 2011).  
The Wrangellia Composite Terrane is a ~30 km thick oceanic plateau (e.g., Plafker and 
Nokleberg, 1989, Glen et al., 2007; Brennan et al., 2011). It primarily consists of basaltic and 
tholeiitic rocks, limestone, argillite, metabasalt, arc related granitic intrusions (e.g., Nokleberg et 
al., 1994) and volcanic sourced upper Paleozoic and Mesozoic marine sediments. The east-
central Denali Fault, which has been active since the Late Cretaceous (Plafker and Berg, 1994), 
delineates the suture between the Yukon Composite Terrane (north) and the Wrangellia 
Composite Terrane (south). Brennan et al. (2011) interpreted the Yukon Composite Terrane to be 
rheologically weaker than the Wrangellia Composite Terrane based on its composition, inferred 
density and topographic development. 
 
Local Geology 
 The area of interest, along the east-central Denali Fault, is dissected by several thrusts 
subsidiary to the Denali Fault that form a positive flower structure (Figure 2). The southernmost 
of these thrusts, the McCallum Slate Creek Thrust, bounds a block of crust ~15 km wide to the 
Denali Fault. This block of crust consists of Permian-Pennsylvanian granitic and volcanic rocks, 
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Late Jurassic-Cretaceous granites and Tertiary sediments. The McCallum formation is a foreland 
basin deposit, located in the footwall of the McCallum Slate Creek Thrust, that includes tephra 
deposits dated to ca. 6-4 Ma using 40Ar/39Ar tephrochronology (Allen, 2016). The McCallum 
formation includes an upper member of granular conglomerates intermixed with sandstone 
lenses and a lower member of laminated mudstone, minor sandstone and pebble conglomerates 
(Allen, 2016). The presence of Late Miocene sediments in the footwall of the McCallum Slate 
Creek Thrust indicates that it was actively creating accommodation space in the Late Miocene. 
The Gakona thrust, the innermost mapped thrust south of the Denali Fault, bounds a ~5 km block 
of crust to the Denali Fault. Thrust-top basin deposits, dated to ca. 24-20 Ma using 40Ar/39Ar 
tephrochronology (personal communication, Jeff Benowitz), are located in the footwall of the 





In order to constrain spatial-temporal patterns of exhumation along the Denali Fault and 
major subsidiary thrusts, bedrock samples have been collected from east-west transects along the 
north and south sides of the Denali Fault. South of the Denali Fault, bedrock samples were also 
collected from elevation profiles and as hanging wall/footwall pairs on the Gakona thrust (Figure 
4). Bedrock samples were collected >30 m from fault contacts in order to minimize the 
possibility of fission track annealing due to fluid-rock interactions. Granitic samples were 
preferentially selected as they generally yield the highest apatite abundances (e.g., Kohn et al., 
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2018). In some cases phyllite and quartzite (10KIM, 63CONG) were sampled, resulting in lower 
apatite abundance, and many of these samples did not yield adequate apatite for AFT analysis.  
The elevation profile is located on the hanging wall side of the Gakona thrust (Figure 5). 
Elevation profile samples were collected in accordance with methods previously developed (e.g., 
Fitzgerald et al., 1995, Fitzgerald and Malusà, 2018). Samples in the elevation profile were 
collected over ~700 m of elevation (1530 m – 2222 m) parallel to short wavelength topography. 
The wavelength of topography (~2 km) across the thrust sheet under study is short enough not to 
overly deflect paleo-isotherms for the methods employed (e.g., Braun, 2002).  
Cobbles were collected from the Late Miocene McCallum formation in order to constrain 
temporal exhumation patterns over a longer time interval than possible with bedrock samples 
alone and to conduct lag-time analysis (Figure 5). Lag-time analysis, discussed in more detail in 
the methods section, is a technique used to constrain the exhumation history in the hinterland 
using AFT data, stratigraphic ages and inverse thermal models. All cobbles were collected from 
conglomerate beds stratigraphically nearby to tephra deposits that were dated using 40Ar/39Ar 
tephrochronology (Allen, 2016). All but one of the cobbles analyzed using AFT 
thermochronology were double dated using zircon U-Pb geochronology at University of Arizona 
LaserChron Center (Personal communication, Wai Allen, Purdue University). Zircon U-Pb ages 
are used to determine crystallization ages and may help constrain provenance. Individual cobbles 
were selected based on size and lithology to maximize apatite abundances, with large granitic 
clasts prioritized.  
 
Apatite Fission Track (AFT) 
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Apatite fission track thermochronology relies on the spontaneous fission of 238U to 
produce fission tracks (Fleischer et al., 1975). Fission tracks are damage trails or zones of 
disorder within the crystalline matrix that are made visible by etching (e.g., Gleadow, 1981; 
Donelick et al., 2005). Fission tracks anneal, or shorten, from the tips inward at temperature 
(Green et al., 1986). At temperatures above the closure temperature, fission tracks are annealed 
as quickly as they are created over geologic timescales (e.g., Gallagher et al., 1998), and open 
system behavior is exhibited (Dodson, 1973). At temperatures within the partial annealing zone 
(PAZ) (~60-120°C for apatite), fission tracks are partially shortened (e.g., Gleadow et al., 1983; 
Green et al., 1986; Gleadow and Fitzgerald, 1987). At temperatures below the PAZ, full length 
fission tracks are retained. The closure temperature for AFT is dependent upon composition and 
cooling rate, but is typically ~100-120°C (e.g., Gallagher et al., 1998). The difference in 
annealing kinetics for grains of differing compositions is evaluated by measuring Dpar lengths. 
Dpar is the width of a fission track opening in the direction parallel to the c-axis.	Long Dpar’s 
are associated with grains in which tracks are more resistant to annealing whereas short Dpar’s 
are associated with grains in which tracks are less resistant to annealing. 
Depending on the thermal structure of the upper crust, AFT thermochronology can be 
used to track a sample’s progression through the upper ~4 km. Generally, the formation of 
topography via tectonic processes initiates erosional exhumation (e.g., Metcalf et al., 2009; 
Fitzgerald and Malusà, 2018). If erosional exhumation is driven by thrusting, then 
thermochronologic results can be used to make broad inferences about the vertical component of 
fault activity. Thermochronology cannot be used to directly constrain rock uplift without first 
determining the mean paleo-land surface and it cannot be used to constrain the horizontal 
component of fault motion. AFT thermochronology can constrain a continuous thermal history 
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using the kinetic parameter of confined track length distributions. Because fission track 
annealing is relatively well understood and occurs in a predictable manner, a sample’s thermal 
history can be modeled by measuring confined fission track lengths (e.g., Green et al., 1986; 
Ketcham et al., 1999).  
AFT age-elevation profiles typically exhibit a trend of increasing AFT age with elevation 
because low elevation samples have cooled more recently than high elevation samples 
(Fitzgerald and Malusà, 2018). Elevation profiles are useful for timing the onset of exhumation 
events by identifying a break in slope that corresponds to the base of an exhumed PAZ (Gleadow 
and Fitzgerald, 1987; Fitzgerald and Gleadow, 1988, 1990; Gleadow 1990). The break in slope 
represents the beginning of a period of increased cooling rate. Confined track length distributions 
are essential for identifying the base of an exhumed PAZ. By identifying the time at which a 
break in slope occurs and estimating or determining the paleo-geothermal gradient prior to that 
cooling event, the average exhumation rate since the beginning of that cooling event can also be 
constrained. All samples located below the break in slope record rapid cooling while samples 
located above the break in slope record residence in the PAZ prior to the exhumation event in 
addition to rapid cooling associated with rapid exhumation (e.g., Fitzgerald and Malusà, 2018). 
Samples located structurally far above the base of an exhumed PAZ generally do not record the 
cooling event under consideration as well as samples located just above the base of an exhumed 
PAZ. This is because the proportion of the thermal history recording the exhumation event is 
greater for the sample located just above the base of an exhumed PAZ than for a sample located 
far above the base of an exhumed PAZ. That is to say that a relatively large proportion of the 
fission tracks generated in a sample just above the base of an exhumed PAZ will be generated 
during rapid cooling. Comparatively, a relatively small proportion of the fission tracks created in 
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a sample far above the base of an exhumed PAZ will have been generated during rapid cooling 
(e.g., Fitzgerald and Malusà, 2018).  
The apparent exhumation rate for the area under study can be estimated by fitting a linear 
regression to the samples below the base of the exhumed PAZ. However, the slope of a linear 
regression for an elevation profile above the base of an exhumed PAZ does not correlate to an 
apparent exhumation rate, but is rather related to the length of time over which the PAZ was 
formed, the paleo-geothermal gradient, and the relative thermal stability (Fitzgerald and Malusà, 
2018). The paleo-geothermal gradient for the area under study can be estimated by comparing 
the slope of a linear regression above the base of the exhumed PAZ to the slope of inverse 
thermal models on samples for that same time interval. Interpretation of an elevation profile 
requires the assumption that particle paths are vertical because it involves plotting three-
dimensional spatial data in a one dimensional spatial reference frame (e.g., Fitzgerald and 
Malusà, 2018).  
Detrital thermochronology on cobbles used in conjunction with thermochronology on 
bedrock samples can constrain exhumation over an extended time interval (e.g., Fitzgerald et al., 
2018). This is because cobble samples typically record an earlier part of the exhumation history 
from the source region than bedrock. When cobbles recording a simple un-roofing history are 
collected from well-constrained stratigraphy, lag-time analysis is used to constrain source rock 
exhumation (Garver et al., 1999). The lag-time for a sample is the difference between the 
samples AFT and stratigraphic ages. Lag-time analysis involves plotting stratigraphic age against 
AFT age in order to constrain exhumation. Because stratigraphically older cobbles are generally 
eroded from higher structural levels in the source region than stratigraphically younger cobbles, a 
line of best fit on a plot comparing the two can be used to constrain the paleo-exhumation rate 
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when necessary assumptions are met. Liabilities associated with detrital thermochronology on 
cobbles are that transport time must be geologically insignificant, paleo-relief in the source area 
can produce age variability, provenance must be assumed or determined and samples can be 
buried to temperatures in the PAZ, resulting in partial or complete age resetting (e.g., Beamud et 
al., 2011; Fitzgerald and Malusà, 2018). Inverse thermal models are used to test the assumptions 
of the lag-time approach and constrain hinterland cooling events. If cobbles are buried to 
temperatures in the PAZ, then lag-time analysis can also be used to constrain basin inversion. 
AFT analysis of cobbles can be more powerful than AFT analysis of other sediment types 
because all the grains in an individual cobble have a shared thermal history. 
AFT analysis was undertaken at Syracuse University following standard procedures (e.g., 
Riccio et al., 2014). Samples were mounted in epoxy, ground using 400 and 600 grit paper to 
expose internal grain surfaces and polished using 6, 1, and 0.25 µm diamond polish. Samples 
were etched in nitric acid (5M HNO3) for 20 seconds at 20°C in order to reveal spontaneous 
fission tracks. AFT ages were determined using the external detector (e.g., Moore et al., 1986) 
method and irradiations were performed at the Triga Reactor at Oregon State. Project AFT 
analysis, completed by Paul O’Sullivan at GeoSep Services, is also included in this study. All 
analysis completed at GeoSep Services used Laser Ablation-Inductively Coupled Plasma-Mass 
Spectrometry (LA-ICP-MS) for AFT age determinations. Work by Hasebe et al. (2004) directly 
comparing the external detector method and LA-ICP-MS has demonstrated that the two methods 
offer compatible AFT age results. Subsequent studies (e.g., Donelick et al., 2005; Hadler et al., 




Apatite (U-Th)/He (AHe) 
AHe dating is a radiometric dating technique that is sensitive to temperatures below the 
AFT system. In the AHe system, the daughter product (He) is produced through alpha decay of 
U, Th and to a lesser extent Sm. The closure temperature for AHe is dependent upon grain size 
and cooling rate, but is typically ~70°C (Farley et al., 2002). At temperatures above the closure 
temperature, He is lost instantaneously over geologic timescales via volume diffusion (e.g., 
Ehlers et al., 2003). At temperatures within the partial retention zone (PRZ) (~40-70°C), partial 
diffusive loss of He occurs (Wolf et al., 1998). AHe dating is used in conjunction with AFT 
thermochronology to constrain a sample’s thermal history at temperatures <~120°C. 
All AHe analyses were undertaken by Dr. James Metcalf at University of Colorado 
Boulder (e.g., Flowers and Kelly, 2011). One to five grains per sample were degassed and 4He 
concentrations were measured in a quadruple mass spectrometer (e.g., Farley, 2002). Apatite was 
subsequently dissolved in nitric acid (HNO3), spiked with known amounts of 230Th and 235U and 
analyzed using an ICP-MS to determine U, Th and Sm concentrations (Farley, 2002). 
 
Inverse Thermal Modeling (HeFTy) 
All AFT analyses that included sufficient track length data were inverse modeled using 
HeFTy (Ketcham, 2005). HeFTy uses a Monte Carlo simulation in which forward model run 
results are statistically compared to the measured AFT length distributions and AFT age. The 
input parameters for inverse thermal modeling are fission track age data, fission track length 
data, geologic constraints, AHe age data (when available) and compositional proxy (Dpar) data. 
When incorporating AHe ages in the models, the median single grain age is used whenever 
possible, but there were instances in which the median single grain age data would not produce 
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model run results that passed statistical comparison tests when compared to measured data. The 
Ketcham et al. (2007) AFT annealing model and the Farley (2000) Durango AHe calibration 
were used to model the data. Cobble samples were modeled with an additional geologic 
constraint forcing them to cool to surface temperatures (5°C) at the time of deposition. Because 
apatite is etched at the fastest rate parallel to the c-axis, all confined fission track lengths were c-
axis projected to normalize for length discrepancies due to random track orientations (e.g., 




Bedrock Samples North of the Denali Fault 
Sample coverage on the north side of the Denali Fault, where terrane is more rugged and 
there is more relief, is less dense than on the south side (Figure 3). AFT analysis was conducted 
on nine samples collected from the north side of the Denali Fault, seven of which are within 5 
km of the fault. Six of these samples were counted and analyzed by myself at Syracuse 
University (Table 1), while the other three were counted by Paul O’Sullivan at GeoSep Services 
(Table 2). AFT ages on the north side range from 5-90 Ma, but ages for samples within 5 km of 
the Denali Fault are 5-40 Ma. Several of the quartzite and phyllite samples collected from the 
north side of the Denali Fault (17AK3B, 17AK15 and 63CONG) have high AFT age 
uncertainties (>25%) due to low U concentrations (<7 ppm). These low U concentrations make 
finding sufficient confined tracks to model these samples extremely difficult. 
AHe dating has been conducted on three samples north of the Denali Fault (15PF01DON, 
15DR001, 17AK15) (Table 3). Several samples were abandoned for AHe analysis due to a lack 
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of suitable euhedral apatite grains. Single grain ages for 17AK15, the only AHe sample located 
within 5 km of the Denali Fault, are 5.4 ± 1.6, 17.8 ± 4.9 and 30 ± 4.1 Ma (Table 3).  Single 
grain age dispersion is common in AHe analysis (e.g., Green and Duddy, 2018), and has been 
documented in many cases including Riccio et al. (2014) and Flowers and Kelly (2011). AHe 
analysis on 15DR001 was used in conjunction with AFT data in inverse thermal models. Single 
grain AHe ages for 15DR001 are, 5.2 ± 0.2, 5.7 ± 0.2 and 10.0 ± 0.3 Ma. One sample 
(15PF01DON) was collected much further from the Denali Fault (~30 km north) than the rest of 
the samples in what is inferred to be a less tectonically active area based on the lack of 
topographic development. AHe (49.5 ± 10.9 Ma) and AFT (89.9 ± 10.3 Ma) ages for 
15PF01DON are significantly older than the rest of the samples collected north of the Denali 
Fault, as is expected due to its distance from the fault. Insufficient track lengths were measured 
for 15PF01DON to be modeled and AHe analysis was conducted on only one grain for this 
sample. 
HeFTy inverse thermal models on samples from the north side of the Denali Fault 
constrain episodes of rapid cooling at ca. 50, 12-10, ca. 6 and 4-2 Ma (Figure 4, Table 4). The 
Late Miocene-Pliocene cooling event is more strongly resolved than the Eocene and Mid 
Miocene signals. The Eocene signal is the most weakly resolved as it results in only ~40°C of 
cooling at ~5°C/Myr and is only observed in a single sample (15DR001). The Mid Miocene 
signal is well resolved in one sample (02CAN) and coarsely resolved in another (12KIM). The 
model for 02CAN shows ~100°C of cooling at up to 35°C/Myr but the model for 12KIM only 
resolves ~40°C of cooling at ~7°C/Myr. The model for 12KIM also does not preclude the 
possibility of monotonic cooling through the Mid Miocene. The Late Miocene-Pliocene cooling 
signal is resolved in four out of the five sampled modeled. Up to 120°C of cooling at rates of up 
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to 35°C/Myr is resolved in samples 17AK01, 07KIM, and 15DR001 but only ~40°C of cooling 
at ~7°C/Myr is resolved in 12KIM. Rapid cooling through the Pliocene-Pleistocene is supported 
by AHe data on 15DR001. 
 
Bedrock Samples South of the Denali Fault 
Sample coverage on the south side of the Denali Fault is denser than on the north side, 
particularly on the hanging wall of the Gakona thrust (Figure 5). In this subsection, bedrock 
samples collected south of the Denali Fault that are not included in the elevation profile or 
hanging wall/footwall pair are discussed. AFT ages on 13 samples (08CONG, 08KIM, 09KIM, 
02KIM, 10KIM, 16KIM, 18KIM, 46CONG, 01GAKONA, 17AK06, 81COL, 08CAN and 
01CAN) located within 5 km of the south side of the Denali Fault generally fall into one of two 
distinct groups. Five of these samples were analyzed by myself at Syracuse University (Table 1), 
while the remaining eight were analyzed by Paul O’Sullivan at GeoSep Services (Table 2). The 
seven samples located ~10 km east of the Gakona Glacier generally have relatively old AFT ages 
of 60-90 Ma (with two 20-30 Ma exceptions), while the six samples located west of the Gakona 
Glacier have relatively young ages (4-20 Ma).  
AHe analysis was completed on two samples along the east-west trend (02KIM and 
17AK05) (Figure 5, Table 3). Mean AHe ages for these two samples generally support the east-
west decrease in age observed in the AFT data, although a very large range in single grain ages 
for each sample is noted. Single grain AHe ages for 02KIM, located east of the Gakona Glacier, 
are 3.0 ± 0.5, 6.5 ± 0.3 and 19.2 ± 1.1 Ma (Mean age, 10 ± 9.0). Single grain AHe ages for 
17AK05 are 1.9 ± 1.2, 2.5 ± 1.7 and 25.2 ± 4.8 Ma. The mean AHe age for 17AK05 is 2.2 ± 0.4 
Ma when the 25 Ma outlier is ignored. One sample (50GUNN) was collected ~10 km south of 
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the McCallum Slate Creek Thrust in what is inferred to be a relatively tectonically quiescent 
area. AFT analysis was not conducted on 50GUNN due to low grain quality, but single grain 
AHe ages are 27.5 ± 0.2, 28.0 ± 0.4 and 39.6 ± 0.6 Ma (Mean age, 32 ± 7 Ma). 
Inverse thermal models east of the Gakona Glacier reveal periods of rapid cooling at 90-
80, 70-60, 30-20, and ca. 6 Ma (Figure 5, Table 4). The Cretaceous cooling events are the most 
weakly constrained as they result in relatively little cooling at modest rates. The mid-Cretaceous 
cooling event models ~40°C of cooling at ~4°C/Myr (02KIM) while the Late Cretaceous signal 
results in ~60°C of cooling at 8-10°C/Myr (08KIM, 09KIM). The Late Oligocene signal models 
~100°C of cooling at rates of ~10°C/Myr in sample 16KIM. The Mid Miocene signal cools 
sample 46CONG by ~80°C at a rate of ~7°C/Myr while the Late Miocene signal results in ~60°C 
of cooling at 6-10°C/Myr for samples 02KIM and 08KIM. 
Inverse thermal models west of the Gakona Glacier show cooling at 12-10 and ca. 6 Ma. 
The Mid Miocene cooling signal results in ~100°C of cooling at a rate of ~35°C/Myr for sample 
01GAKONA. The Late Miocene signal models ~100°C of cooling at 30-35°C/Myr for two 
samples (01CAN, 81COL).  
 
Elevation Profile 
The samples in the elevation profile exhibit a trend of increasing age with increasing 
elevation (Figure 6). A distinct break in slope is not identified in this dataset, but by 
incorporating inverse thermal models for the samples in the elevation profile, the beginning of a 
cooling event is modeled in the Late Miocene. The Late Miocene cooling event is followed by a 
subsequent acceleration in cooling in the Pleistocene (Figure 7). Because a linear regression of 
the age-elevation data yields a relatively shallow slope of ~100 m/Myr, which is consistent with 
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the slope of the exhumed PAZ on Denali (Fitzgerald et al., 1995), it’s interpreted that the middle 
of an exhumed PAZ has been uncovered. If Mid Miocene cooling (modeled at ~3°C/Myr for 
samples in the elevation profile) is correlated with the slope of the linear regression (~0.1 
km/Myr), then a slightly heightened paleo-geothermal gradient of ~30°C/km is estimated during 
the Mid Miocene. This is consistent with what has been found along the Denali Fault previously 
(e.g., Fitzgerald and Malusà, 2018). 
If the elevation profile samples are modeled without incorporating AHe data, then rapid 
cooling is well resolved in the Late Miocene for the bottom sample (17AK13) and coarsely 
resolved in the Late Miocene for the top sample (17AK07) (Figure 8). Sample 17AK13 tightly 
models ~100°C of cooling at ~20°C/Myr, while 17AK07 loosely models ~80°C of cooling at 
~15°C/Myr. The middle sample (17AK08) coarsely models ~60°C of cooling at ~15°C/Myr 
sometime between the Pliocene and the present.  
When AHe data is incorporated, the initiation of the Late Miocene cooling signal is only 
resolved in the lowest elevation sample (17AK13), while the younger Pleistocene signal is 
present in the top two elevation profile inverse thermal models. The model for the bottom sample 
(17AK13) is only changed by the addition of AHe data in that the best-fit envelope tightens 
slightly through the upper ~80°C. Introduction of AHe data to the top two samples (17AK07, 
17AK08) shifts both their acceptable and best-fit envelopes to the right to accommodate for 
relatively young AHe ages clustered at ~2 Ma. Samples 17AK07 and 17AK08 each model 
~60°C of cooling at ~35°C/Myr in the Pleistocene. The Pleistocene cooling event is therefore 
primarily supported by the AHe dataset. Relatively slow cooling is also modeled at ~3°C/Myr in 
the Mid Miocene in both of the top two samples. If the assertion that this is the middle of an 
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exhumed PAZ is correct, then the bottom sample, which is closest to the base of the exhumed 
PAZ, would be expected to be the most reliable recorder for the start of the cooling event. 
The mean AHe ages for each of the three elevation profile samples are 2.2 ± 0.4 Ma for 
17AK07 (single grain age spread 1.7-2.6 Ma), 1.7 ± 0.1 Ma for 17AK08 (single grain age spread 
1.6-1.8) and 1.9 ± 0.6 Ma for 17AK13 (single grain age spread 1.6-2.6) (Figure 7, Table 3). 
Mean AHe ages do not show any discernable trend with elevation, suggesting that all three 
samples were cooling rapidly ca. 2 Ma. 
 
Hanging wall/Footwall Pair 
Our hanging wall/footwall pair was collected across the Gakona thrust, which is 
responsible for exhumation of the elevation profile (Figure 9). AFT ages for the hanging wall 
and footwall samples are 6.8 ± 0.6 and 28 ± 6.0 Ma, respectively. The hanging wall sample 
(17AK09) models ~100°C of well-constrained rapid cooling at ~20°C/Myr in the Late Miocene. 
The footwall sample (17AK11) models a more complex thermal history that includes a long 
residence in the PAZ from 45-15 Ma, followed by rapid cooling sometime between 15 Ma and 
the present. The timing of rapid cooling of 17AK11 is poorly resolved because only 21 confined 
fission tracks were measured for this sample. 
 
Cobbles 
Our cobble samples were collected with the intention of conducting lag-time analysis, in 
which individual cobble AFT ages are compared to stratigraphic ages (Figure 10). Because 
cobble AFT ages in the field area are an order of magnitude greater than their stratigraphic ages, 
and because they record a complex thermal history, lag-time analysis cannot be used to constrain 
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exhumation rates for the hinterland prior to deposition of the cobbles (Figure 11, Table 5). This 
study is therefore solely reliant on using inverse thermal models to constrain cooling patterns not 
captured by the bedrock samples. Zircon U-Pb analysis on nine out of the ten cobbles analyzed 
with AFT reveals a range in average zircon ages between 286-316 Ma, and a single younger 
cobble with an average U-Pb age of 102 Ma (personal communication, Wai Allen). This suggests 
that most of the cobbles are sourced from the Late Pennsylvanian-early-Permian granitic rocks 
located between the McCallum formation and the Denali Fault. 
The cobbles at the top horizon (3.7 Ma depositional age) all have AFT ages overlapping 
within uncertainty (Figure 11, Table 5). They are of similar granitic lithology and exhibit similar 
thermal histories in inverse thermal models. The AFT ages range from 49-60 Ma and all three 
models exhibit residence in the PAZ from ca. 70-30 Ma and an increase in cooling rate at ca. 30 
Ma. This Late-Oligocene signal results in ~70°C of cooling at ~3°C/Myr. The cobble with the 
youngest mean zircon U-Pb age (3F, 102 Ma zircon U-Pb age) is from this horizon. 
AFT ages for the cobbles at the 4.5 Ma horizon exhibit a much larger spread than for any 
of the other horizons, with ages ranging from 37-135 Ma (Figure 11, Table 5). Inverse thermal 
modeling has been applied to three of the four cobbles collected at this horizon. The model for 
the sample with the oldest AFT age (1H, 134.8 ± 16.4 Ma) shows moderate increases in cooling 
rate at 170-150 Ma and 100-80 Ma. The Jurassic signal results in only ~25°C of cooling at 
~1°C/Myr, and the Cretaceous signal results in ~80°C of cooling at ~4°C/Myr. These cooling 
pulses are not resolved anywhere else in the dataset. The sample modeled with the second oldest 
AFT age (1K, 77.5 ± 7.3 Ma) shows apparent monotonic cooling from ca. 80 Ma until deposition 
at ~1.5°C/Myr. The youngest AFT age sample (1F, 37.3 ± 2.2 Ma) at this horizon models 
monotonic cooling from ca. 40 Ma to deposition at ~30°C/Myr. 
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Separating apatite from samples at the bottom two horizons proved to be more difficult 
than for the top two horizons. Only one AFT age was produced at the 4.9 Ma horizon while just 
two samples were analyzed at the 5 Ma horizon (Figure 11, Table 5). The single AFT age at the 
4.9 Ma horizon is 89.1 ± 9.8 Ma, and this sample (2G) models a long period of residence in the 
PAZ from 120-70 Ma followed by ~80°C of increased cooling from 70-40 Ma at ~4°C/Myr. The 
AFT ages for the bottom two samples overlap within uncertainty with ages of 40.1 ± 3.9 and 
46.4 ± 4.5 Ma. Sufficient confined track lengths were only measured for the younger of these 
two samples (4D) to be modeled. This model shows monotonic cooling from 60-15 Ma at 




Bedrock Samples North of the Denali Fault 
AFT data is relatively sparse north of the Denali Fault with high age variability and a 
significant proportion (67%) of high uncertainty (>25%, 1 sigma) analyses (Figure 4). The lack 
of high certainty AFT ages north of the Denali Fault precludes interpretations regarding spatial 
exhumation patterns from being made. Inverse thermal modeling can, however, be used for 
several samples located north of the Denali Fault to make interpretations about temporal 
exhumation patterns.  
Our inverse thermal models suggest that periods of increased cooling north of the east-
central Denali Fault (modeled at ca. 50, 12-10, ca. 6, 4-2 Ma) are primarily related to tectonic 
factors (Figure 4, Table 4). The Eocene-Late Miocene cooling events most likely correlate to 
changes in subduction patterns at the South-Alaskan margin while the Pliocene-Pleistocene 
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acceleration in cooling appears to correlate with an increase in erosion rate that may have 
occurred partially in response to increased glaciation. The Eocene-Late Miocene cooling signals 
are consistent with what has been found elsewhere on the Denali Fault (e.g., Fitzgerald et al., 
1995; Benowitz et al., 2012; Riccio et al., 2014), but the Pliocene-Pleistocene signal, which is 
primarily supported by the AHe dataset, is less well documented (Lease, 2018). The pulse of 
increased cooling at ca. 50 Ma correlates to several potential driving mechanisms including a 
change in the plate motion of the PAC plate ca. 47 Ma (e.g., Clague and Jarrard, 1973), increased 
magmatism in the Yukon Composite Terrane in the Eocene (e.g., Dusel-Bacon and Murphy, 
2001) or subduction of the Kula-Farallon ridge system and subsequent slab-window volcanism 
(e.g., Erdmer and Mortensen, 1993; Trop and Ridgway, 2007; Benowitz et al., 2012; McCrory 
and Wilson, 2013). Because this cooling event is only constrained in a single sample, it is 
difficult to determine which driving mechanism is most likely responsible and it cannot be 
deduced whether or not it would be pervasive throughout the study area. The only sample north 
of the Denali Fault recording rapid cooling at 12-10 Ma is 02CAN, but this cooling pattern is 
common south of the fault and in previous studies (e.g., Riccio et al., 2014). Increased cooling in 
both the Mid and Late Miocene correlate to the changes in plate motion of the Yakutat plate 
relative to North America at ca. 10.6 Ma and ca. 5.5 Ma (e.g., Eberhart-Phillips et al., 2006; 
Worthington et al., 2012). The most recent cooling signal modeled north of the Denali Fault (4-2 
Ma) is supported by AHe data on 15DR001 and may correlate to more efficient erosion as a 
result of increased glaciation in the Pliocene or Pleistocene (e.g., Lease, 2018). 
 
Bedrock Samples South of the Denali Fault 
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The marked east-west decrease in AFT age along the south side of the east-central Denali 
Fault (Figure 5) has important implications for the tectonic development of the McCallum Slate 
Creek Thrust. In order to consider the tectonic evolution of the McCallum Slate Creek Thrust, it 
has been translated eastward along the Denali Fault using a 13 km/Myr strike-slip rate from 
Matmon et al. (2006) and Haussler et al. (2017). This strike-slip estimate would place rocks 
south of the Denali Fault ~80 km east of their current location during the Late Miocene. When 
rocks south of the Denali Fault are translated east ~80 km, those currently located east of the 
Gakona Glacier are placed at the current Totschunda-Denali fault junction. This would place 
rocks currently located west of the Gakona Glacier ~10 km west of this junction in the Late 
Miocene. The Denali-Totschunda junction is currently marked by the Mentasta releasing bend, 
and the Totschunda Fault is a near-perfect strike-slip fault. The location of the eastern and 
western study areas ca. 6 Ma is important because this is the time at which the Yakutat plate 
motion vector changed towards a more northerly azimuth and the Central Alaska Range was 
uplifted and exhumed (Figure 3) (Fitzgerald et al., 1995). Rock located west of the Gakona 
Glacier appears to have exhumed more than rock located east of the Gakona Glacier during this 
ca. 6 Ma pulse of exhumation because the western side was already located on the transpressive 
portion of the east-central Denali Fault, while the eastern portion was located in the Mentasta 
releasing bend. Rapid exhumation west of the Gakona Glacier during the Late Miocene would 
have eroded rock recording the thermal history of previous cooling events away, resulting in the 
relatively young AFT ages currently observed there. Slower exhumation of samples east of the 
Gakona Glacier during the Late Miocene would have only partially overprinted previous cooling 
signals, and would not have significantly changed AFT ages. This explains why there is a stark 
contrast in AFT ages on the eastern and western sides of the Gakona Glacier and why the ca. 6 
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Ma cooling pulse is still resolved in the older samples on the eastern portion of the study area. 
AHe data for one sample from the eastern side and one from the western side of the study also 
support the east-west age discrepancy. 
The cooling patterns that are modeled on the south side of the Denali Fault (90-80 Ma, 
70-60 Ma, 12-10 Ma, ca. 6 Ma) partially overlap with those modeled on the north side. Cooling 
at 90-80 Ma is only resolved in a single sample and is likely related to accretion of the WCT 
with Alaska in the mid-Cretaceous. Cooling at 70-60 Ma likely correlates to the initiation of slip 
on the Denali Fault in the Late Cretaceous (e.g., Hickman et al., 1977). Cooling events at 12-10 
and ca. 6 Ma correlate to changes in the Yakutat plate subduction direction, as discussed for the 
north side of the Denali Fault (Figure 3). These Miocene cooling signals are prevalent along the 
entire length of the east-central Denali Fault. The ca. 6 Ma signal is particularly strongly 
resolved and correlates to uplift of the Central Alaska Range, which includes the tallest mountain 
in North America (Denali). 
 
Elevation Profile 
Incorporation of an elevation profile into the dataset allows temporal cooling trends to be 
better defined. The slope of the age elevation plot (~100 m/Myr) is consistent with the slope 
measured for an exhumed PAZ at Denali (Figure 7) (Fitzgerald et al., 1995). The inverse thermal 
models for the samples included on the elevation profile show a pulse of rapid cooling beginning 
ca. 6 Ma and a subsequent acceleration in cooling ca. 2 Ma. Cooling in the Late Miocene is 
interpreted to be related to a shift in the Yakutat plate subduction direction while the Pleistocene 
acceleration appears to correspond to an increase in the erosion rate in response to glaciation. 
The Pleistocene cooling signal is interpreted to represent an acceleration of the dominant Late 
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Miocene episode because the Pleistocene signal only cools the samples it is resolved in about 
half as much as the Late Miocene signal (~60°C Pleistocene cooling, ~100°C Late Miocene 
cooling), it cools those samples at a faster rate than the Late Miocene signal (~30°C/Myr 
Pleistocene cooling, ~20°C/Myr Late Miocene cooling) and it is absent from the sample for 
which the most confidence is placed (17AK13) (Figure 7). The most confidence is placed on 
17AK13 because it is the closest to the base of the inferred PAZ and it has the most confined 
track length measurements. The Pleistocene cooling event is only well resolved in the inverse 
thermal models when AHe data is incorporated (Figure 8). The Late Miocene cooling event is 
supported by deposition of the McCallum formation in a local foreland basin, which supports the 
inference that this signal is reflective of exhumational cooling.  
If a break in slope for the elevation profile at ca. 6 Ma is accepted, as suggested by 
17AK13, then the base of the PAZ is placed at ~1200 m elevation. We use a paleo-geothermal 
gradient measured for the Mid Miocene of ~30°C/km and a closure temperature of ~120°C to 
estimate the depth of the base of the PAZ as ~2800 m depth prior to the exhumation event (ca. 6 
Ma). This would indicate that ~4 km of exhumation has occurred over the past ca. 6 Ma at an 
average rate of ~650-700 m/Myr (Figure 7).  
 
Hanging wall/Footwall Pair 
By compiling ages for samples collected from the hanging wall and footwall of the 
Gakona thrust, which is located at the base of the elevation profile, its faulting history can be 
partially unraveled. It is expected for the hanging wall sample (17AK09, AFT age of 6.8 ± 0.6 
Ma) to be younger than the footwall sample (17AK11, AFT age of 28 ± 6.0 Ma) because the 
hanging wall of a thrust is displaced upwards relative to the footwall and it is assumed that 
	 25	
cooling is due to erosional exhumation (Figure 9). The two end-member explanations for the 
young age in 17AK09 are that either the Gakona thrust or one of the outer thrusts (e.g. 
McCallum Slate Creek Thrust) was active in the Late Miocene. Displacement on the Gakona 
thrust in the Late Miocene would cause erosional exhumation in the hanging wall, resulting in 
rapid Late Miocene cooling exclusively resolved in the hanging wall. Displacement on an outer 
thrust would result in an even amount of erosional exhumation for both the hanging wall and 
footwall of the Gakona thrust. Because a relatively large amount of rapid Late Miocene cooling 
is observed in the hanging wall compared to a relatively smaller amount of cooling at a slower 
rate in the footwall, it is most likely that both the Gakona thrust and an outer thrust were active 
during the Late Miocene. These interpretations are supported by the findings in the elevation 
profile. The presence of thrust-top conglomerates ca. 24-20 Ma in the footwall of the Gakona 
thrust suggests that it has been at least intermittently active since at least the Late Oligocene. An 
episode of rapid cooling initiating at ~24-25 Ma is documented in previous studies (e.g., 
Benowitz et al., 2012; Riccio et al., 2014). 
 
Cobbles 
 At the uppermost stratigraphic horizon, an increase in cooling rate is modeled for all 
three of the samples at 40-30 Ma (Figure 11). This signal may correlate to initial Yakutat 
coupling in the Late Oligocene (e.g. Riccio et al., 2014), but because the precise source of these 
cobbles is not known, it is possible that it is related to some other cooling event outside of the 
study area. Tracing the location of the McCallum Slate Creek Thrust back 30 Myr in time is 
difficult because confident slip rate projections for such a long period do not exist. The models at 
the 4.5 Ma horizon capture some of the earliest cooling events present in this study. Rapid 
	 26	
cooling is resolved from 170-150 and 100-80 Ma, while gradual monotonic cooling is resolved 
from 80-5 and 40-5 Ma. The Mesozoic cooling events roughly correlate with accretion of the 
Yukon Composite Terrane in the Jurassic and the Wrangellia Composite Terrane in the 
Cretaceous. The two models for the bottom two horizons show relatively rapid cooling from 70-
40 Ma for the 4.9 Ma horizon and 15-5 Ma for the 5 Ma horizon. The Late Cretaceous signal 
likely correlates to the onset of strike slip motion on the Denali Fault, while the Miocene signals 
correlates to the change in the plate motion direction for the Yakutat plate as mentioned 
previously. Periods of increased cooling recorded in the cobble samples are consistently at 




On the south side of the Denali Fault, it is inferred that rocks located west of the Gakona 
Glacier were exhumed more than rocks east of the Gakona Glacier during the Late Miocene. 
This is based on the presence of relatively young AFT ages to the west (4-20 Ma) and relatively 
old AFT ages to the east (generally 60-90 Ma) (Figure 5). By translating the McCallum Slate 
Creek Thrust’s position on the Denali Fault backwards through time to the Late Miocene, it is 
inferred that the older eastern samples were in the Mentasta releasing bend during an important 
change in the plate motion direction of the Yakutat plate. In contrast, it is found that the younger 
western samples were located in a zone of strong transpression at this time. Because the western 
region was subjected to more erosional exhumation than the eastern region, all rocks recording 
earlier thermal events west of the Gakona Glacier were eroded away while rocks recording 
earlier thermal events east of the Gakona Glacier were not. Because the eastern region was more 
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slowly exhumed, the samples there were only partially overprinted, and still record pre-Miocene 
cooling patterns.  
The Gakona thrust was active since at least the Early Miocene based on the presence of 
20-24 Ma (personal communication, Jeff Benowitz) stratified thrust-top basin conglomerates in 
its footwall. The 7 Ma AFT age of the sample in the hanging wall, as well as inverse thermal 
models from the elevation profile, suggest that this thrust was also active in the Late Miocene 
(Figure 9). The presence of ca. 6 Ma stratified conglomerates in the footwall of the McCallum 
Slate Creek Thrust, and inverse thermal models from the hanging wall, suggest that this thrust 
was also active in the Late Miocene. It appears that the locus of thrusting has stepped laterally 
away from the Denali Fault through time from the Gakona thrust to the McCallum Slate Creek 
Thrust, although the Gakona thrust remains active. Further thermochronologic work on 
additional thrust faults subsidiary to the Denali Fault is recommended to better characterize how 
the locus of thrusting has evolved. 
Our inverse thermal models resolve pulses of cooling beginning at 170-150, 100-80, 70-
60, 35-25, 12-10 and ca. 6 Ma (Table 4). The timing of these events likely correspond to 
accretion of the Yukon Composite Terrane in the Jurassic, accretion of the Wrangellia 
Composite Terrane in the mid-Cretaceous, activation of the Denali Fault in the Late Cretaceous, 
and shifts in plate motion of the Yakutat in the Mid and Late Miocene. An acceleration 
(occurring in the Pleistocene) of the event that begins in the Late Miocene is supported by AHe 
data. This acceleration in cooling in the Pleistocene, primarily supported by AHe data, is 
possibly due to efficient erosion related to glaciation. The episodes of rapid cooling that are most 
strongly resolved in the most samples occur at 12-10 and ca. 6 Ma.  
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It is difficult to make interpretations about spatial exhumation patterns on the north side 
of the Denali Fault due to sparse sample coverage. A significant proportion (67%) of the AFT 
samples analyzed from the north side of the Denali Fault are very low in U (<7 ppm) and have 
high AFT age uncertainties (>25%, 1 sigma). Resultant AFT age variability on the north side of 
the Denali Fault is difficult to interpret (Figure 4). More sampling along the length of the north 
side of the Denali Fault is necessary to better characterize exhumation trends. 
We find that fault geometry is an important controller of exhumation patterns, but that 
more work must be done to evaluate how rheologic strength may influence exhumation patterns 
for transpressive systems. Inverse thermal models from the cobble samples were used to resolve 
cooling events too old to be recorded by the bedrock samples. The cooling trends modeled here 
dominantly correlate to tectonic events in south-central Alaska, but changes in climate that lead 
to more efficient erosion may also influence cooling trends to a lesser extent. By studying how 
tectonic forcings have controlled exhumation patterns on the Denali Fault since the Mesozoic 
and particularly since the Miocene, this study aims to improve understanding of how patterns of 
exhumation are developed on large-scale transpressive structures. This is of particular 
importance because the east-central Denali Fault is transected by the trans-Alaskan pipeline, and 
serves as an analog for similar structures with large population centers, such as the San Andreas 






Table 1: AFT, track length, Dpar, locations and elevation data from bedrock samples on the east-central Denali Fault.

































North of Denali Fault 
           






(2295) 12.68 35.6 4.7 5.6 ± 0.8 
14.3 ± 0.2 
(35) 1.2 
2.18 
(0.2)       






(260) 86.68 3.6 9.9 89.9 ± 10.3 NA NA 
1.98 
(0.3)       






(110) 46.84 6.1 0.0 41.0 ± 10.4 NA NA 
2.34 
(0.4)       






(98) 89.31 2.6 0.0 37.7 ± 10.4 NA NA 
2.55 
(0.4)       






(2165) 63.92 38.5 4.9 40.7 ± 2.4 
13.7 ± 0.2 
(99) 1.8 
2.03 
(0.4)       






(52) 88 1.3 0.5 13.0 ± 7.7 NA NA 
2.39 
(0.5)       
South of Denali Fault 
           






(1168) 76.83 17.9 0.1 7.9 ± 1.3 NA NA 
2.80 
(0.4)       






(278) 18.03 13.8 35.5 22.7 ± 5.1 
13.8 ± 0.2 
(57) 1.8 
2.63 
(0.3)       






(108) 27.05 1.3 9.9 60.6 ± 12.0 NA NA 
1.98 
(0.3)       






(378) 68.57 10 14.0 75.2 ± 8.4 
13.6 ± 0.2 
(108) 0.9 
2.61 
(0.3)       






(725) 54.48 22.6 1.7 13.9 ± 2.2 
14.6 ± 0.2 
(87) 1.5 
2.91 
(0.3)       
Elevation Profile 
           






(1074) 3.72 11.6 24.2 15.7 ± 2.1 
13.7 ± 0.2 
(63) 1.9 
2.96 
(0.3)       






(712) 1.84 12.1 47.8 12.6 ± 2.5 
13.7 ± 0.2 
(49) 1.4 
2.84 
(0.4)       






(4097) 0.03 35.4 36.9 8.3 ± 1.0 
14.1 ± 0.2 
(104) 1.7 
2.93 
(0.4)       
Hanging wall/Footwall Pair 
           






(3992) 50.93 35.7 2.4 6.8 ± 0.6 
14.4 ± 0.2 
(100) 1.7 
3.23 
(0.2)       






(212) 81.56 17.3 0.0 28.3 ± 6.0 
13.2 ± 0.2 
(21) 1.7 
2.45 
(0.2)       
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Data table of all bedrock AFT analyses performed by Thomas Warfel at Syracuse University. 
Parentheses enclose number of tracks counted (density) or measured (track lengths). Standard 
and induced track densities were measured on mica external detectors (geometry factor = 0.5) 
and fossil track densities on internal mineral surfaces. Samples of basement rock were crushed 
and the apatites separated from them using conventional heavy liquid and magnetic techniques. 
Apatites were mounted in epoxy resin on glass slides, ground and polished to reveal an internal 
surface, and then etched for 20 seconds at room temperature in 5M HN03 to reveal spontaneous 
fission tracks. Apatite ages were determined using the external detector method as described by 
Moore et al. (1986) and an Autoscan Stage; Samples were irradiated in the graphite reflector 
region of the V-43 position (Cd for Au ratio of 280) at the Oregon State Triga Reactor. The 
mounts were counted at a magnification-of 1250X, under a dry lOOX objective. Ages were 
calculated using the zeta calibration method following the procedures of Hurford and Green 
(1983) and Green (1985). Zeta is 348 ± 9.8. Errors were calculated using the "conventional 
method" (Green, 1981). The chi square test performed on single-grain data (Galbraith, 1981) 
determines the probability that the counted grains belong to a single age population (within 
Poissonian variation). If this value is less than 5%, it is then likely that the grains counted 
represent a mixed age population with real age differences between single grains. Track lengths 
were measured using "confined" fossil fission tracks but only those that were horizontal (Laslett 
et al., 1984) under a 100X dry objective using a projection tube and a digitizing tablet attached to 
a microcomputer. 
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Table 2: AFT Project Data 
 
Table showing all AFT project data completed by Paul O’Sullivan at GeoSep Services. Samples 
marked with asterisks are currently being published in Geosphere by Waiden et al. (2018). 

























North of Denali Fault      
02CAN N 63.3644, W 145.6361, 860 84.0 6.1 10.2 ± 1.3 14.75 0.92       
12KIM N 63.2025, W 144.7207, 1501 20.9 2.1 14.6 ± 2.7 NA NA       
07KIM N 63.1737, W 144.6213, 1348 31.6 25.3 3.98 ± 0.6 13.61 1.69       
South of Denali Fault      
01CAN N 63.3369, W 145.6084, 1159 22.6 1.6 5.1 ± 2.3 13.75 1.37       
08CAN N 63.3076, W 145.4386, 1493 18.9 2.2 20.7 ± 6.5 13.62 1.28       
01GAKONA N 63.2502, W 145.2148, 1453 62.5 69.8 11.6 ± 2.0 14.4 0.98       
18KIM N 63.1967, W 144.8683, 1391 66.2 19.1 92.3 ± 3.5 NA NA       
16KIM N 63.1728, W 144.7731, 1836 13.9 1.9 24.2 ± 5.7 13.6 2.16       
09KIM N 63.1633, W 144.6631, 1197 52.7 9.1 62.3 ± 3.9 13.5 1.28       
08KIM N 63.1394, W 144.5639, 1109 96.1 6.1 66.6 ± 5.1 12.36 1.5       
81COL* N 63.2703, W 145.2984, 2467 51.0 24.0 4.6 ± 0.6 13.56 1.66       
61COL* N 63.2277, W 145.3335, 1901 51.0 24.0 55.3 ± 3.9 NA NA       
14ATW-34* N 63.2643, W 145.6230, 1214  0.0 8.8 33 ± 5.4 14 1.32       
14ATW-45* N 63.2321, W 145.5566, 1412 0.0 47.6 6.7 ± 3.6 13.8 1.67       
14ATW-50* N 63.2483, W 145.4094, 1751 18.0 3.6 6.5 ± 2.4 14.3 1.76       
14ATW-52* N 63.2675, W 145.4022, 1640 0.0 3.1 5.9 ± 2.4 13.85 1.32       
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Analyses were completed by CU TRaIL. Dim. Mass = dimensional mass of grain calculated 
from crystal volume and average apatite density; r = radius of a sphere with equivalent surface 
area to volume ratio as the grain; l = longest dimension of the grain. Concentrations of U, Th and 
Sm measured via isotope dilution on an ICP-MS. eU is the effective Uranium, calculated as [U] 
+ 0.235[Th] (e.g. Flowers et al., 2009). Grains were degassed by heating with a laser to 
determine the amount of 4 He (nmol/g) in the grain. Alpha ejection correction (FT) is a measure 
of the amount of He ejected from the crystal, values <0.65 (red) indicate that a significant 
amount of He was ejected (Farley et al., 1996). Ages and FT were calculated using methods 
described in Ketcham et al. (2011). Raw Age = age calculated from isotope concentrations, 
without FT correction; Corr. Age = age calculated from isotope concentrations, with FT 
correction; Error = 2σ analytical uncertainty (not incorporating FT uncertainty). Summarized in 
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bold, is the mean age of the single-grain corr. ages with 1σ error on the ages (1 standard 
deviation). In parenthesis is the coefficient of variation (% std. dev.), calculated from the ratio of 
the standard deviation to the mean. Coefficient of variation is used to show the variation of 
single-grain ages from the mean age. Single grains used in HeFTy inverse thermal models 
highlighted in purple.
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Table cataloging cooling patterns resolved in this study. All amounts and rates are approximate. Fast cooling at >30°C/Myr. is shown 
in red, moderate cooling at 8-10°C/Myr is shown in orange and relatively slow cooling at <6°C/Myr is shown in blue. Cooling rates 
have been converted into exhumation rates using an estimated paleo-geothermal gradient of ~30°C/km. Check marks show which 
datasets each cooling event is resolved in and whether or not they are supported by AHe data. Hypothesized exhumation mechanisms: 
YCT-Accretion of the Yukon Composite Terrane, WCT-Accretion of the Wrangellia Composite Terrane, DF-Activation of the Denali 
Fault, PAC-Change in relative plate motion direction for the Pacific plate, YAK*-Onset of subduction of the Yakutat Slab, YAK**-













(m/Myr) Basement Cobbles AHe 
Exhumation 
Mechanism 
Jurassic 170-150 80 4 2.7 150   ✔   YCT 
Mid-Cretaceous 100-80 40 4 1.3 150  ✔ ✔   WCT 
Late Cretaceous 70-60 60 8 2 300  ✔     DF 
Eocene ca. 50 40 5 1.3 200  ✔     PAC 
Late Oligocene 35-25 80 10 2.7 350  ✔ ✔   YAK* 
Mid Miocene 12-10 80 35 2.7 1200  ✔     YAK** 
Late Miocene ca. 6 60 35 2 1200  ✔    ✔ YAK*** 
Plio.-Pleistocene 4-2 60 35 2 1200  ✔    ✔ G 
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Table 5: AFT, track length, Dpar, locations and elevation data from cobble samples in the McCallum formation. 
 
Data table of all cobble AFT analyses performed by Thomas Warfel at Syracuse University. Cobbles double dated using zircon U-Pb 
have mean ages shown. Description is the same as for Table 1.
 
 




































3.7 Ma Horizon 
           
3D N 63.230, W 145.632, 1003 m 




(1437) 0.00 40.9 60.8 ± 6.6 
12.3 ± 0.2 
(104) 2.4 
2.29 
(0.2) 316.8       
3F N 63.230, W 145.632, 1003 m 




(740) 0.18 42.8 49.0 ± 6.3 
13.6 ± 0.2 
(94) 2.1 
2.31 
(0.2) 102.0       
3I N 63.230, W 145.632, 1003 m 




(388) 31.38 2.4 49.7 ± 12.9 
12.9 ± 0.2 
(61) 1.7 
2.09 
(0.3) 311.6       
4.5 Ma Horizon            
1A N 63.236, W 145.607, 1042 m 




(675) 12.90 18.2 64.5 ± 5.9 
14.3 ± 0.2 
(71) 1.5 
2.05 
(0.2) 312.4       
1F N 63.236, W 145.607, 1042 m 




(2050) 22.20 3.0 37.3 ± 2.2 
14.0 ± 0.2 
(102) 1.9 
3.13 
(0.4) 309.4       
1H N 63.236, W 145.607, 1042 m 




(173) 77.48 0.0 134.8 ± 16.4 
13.5 ± 0.2 
(101) 2.7 
2.86 
(0.2) 309.5       
1K N 63.236, W 145.607, 1042 m 




(427) 58.25 0.1 77.5 ± 7.3 
13.3 ± 0.2 
(100) 2.2 
2.09 
(0.2) NA       
4.9 Ma Horizon            
2G N 63.205, W 145.546, 1020 m 




(289) 85.97 0.0 89.1 ± 9.8 
13.3 ± 0.2 
(35) 2.8 
3.15 
(0.2) 300.3       
5.0 Ma Horizon            
4D N 63.219, W 145.439, 1237 m 




(1271) 3.31 27.4 40.1 ± 3.9 
11.9 ± 0.2 
(100) 2.5 
2.20 
(0.2) 286.9       
4G N 63.219, W 145.439, 1237 m 




(677) 56.10 2.5 46.4 ± 4.5 
12.4 ± 0.2 
(11) 1.8 
2.03 





Top: Digital Elevation Model of large-scale tectonic structures in south-central Alaska. 
Transpression on the Denali Fault (red) is driven by subduction of the Pacific plate and the 
Yakutat plate (yellow). Numbers in white circles are strike-slip rates from Haeussler et al. 
(2017). Purple arrows show crustal motion south of the Denali Fault (GPS data from Freymuller 
et al., 2008). Bottom: Major Accretionary Terranes of south-central Alaska. The east-central 
Denali Fault (red dash) defines the suture between the Wrangellia and Yukon Composite 




Block diagram of the east-central Denali Fault showing pertinent subsidiary thrust faults and 
basin deposits. The presence of conglomerate bearing basin deposits in the footwall of each of 
the Gakona and McCallum Slate Creek Thrust indicate that these structures were active during 





Progressive post-Oligocene shallow subduction of the Yakutat slab. Figure shows estimated 
location of the Yakutat slab at 19.6 Ma, 10.6 Ma and 5.6 Ma. Note the change in subduction 
direction relative to North America at ca. 5.6 Ma. TF=Totschunda Fault, CF=Connector Fault, 





Digital elevation model (DEM) with bedrock AFT data and major structures overlain. Inverse thermal models for all samples modeled 
on the north side of the Denali Fault are shown. 15PF01DON and 50GUNN are located off of this map. Magenta envelope encloses all 
good model paths. Green envelope encloses all acceptable model paths. Black line denotes line of best fit. Purple line denotes 
weighted mean path. Portions of inverse models not directly constrained by input data are opaque. Apatite (U-Th)/He ages shown as 
yellow diamonds on inverse models when present. DEM data from Wilson et al. (2015), Fault locations from U.S. Geological Survey 





Figure is the same as figure 4 except that the locations of the elevation profile and hanging wall/footwall pair are shown and inverse 





Photo of the elevation profile taken across the Gakona Glacier. Elevation profile was collected 
over 700 m of elevation. Note the trend of increasing AFT age with elevation. Location of the 
hanging wall/footwall pair is shown in the background. Early Miocene aged conglomerates are 






Graph showing age-elevation relationship for the elevation profile. The slope of a linear 
regression (~100 m/Myr) likely corresponds to the middle of an exhumed PAZ. Inverse thermal 
models (right) show rapid cooling in the Late Miocene and Pleistocene. Relatively rapid cooling 
in the Late Miocene at ~20°C/Myr is followed by an increase in cooling rate in the Pleistocene to 
~30°C/Myr. This second acceleration in cooling rate results in a second inflection points. Yellow 
diamonds on inverse thermal models represent AHe ages. AHe data is tightly clustered at ca. 2 
Ma for all three samples, indicating rapid cooling in the Pleistocene. Using Mid Miocene 
cooling, modeled at ~3°C/Myr, and the slope of the linear regression through the Mid Miocene, 
of ~100 m/Myr, a paleo-geothermal gradient of ~30°C/km is estimated. The inferred locations of 
the base of the exhumed PAZ and current PAZ are shown. Estimated average exhumation rate 





Comparison of inverse thermal models for elevation profile samples with (center) and without 
(left) AHe data incorporated. Track length distributions included (right). The top two samples, 
17AK07 and 17AK08, coarsely model 60-80°C of rapid cooling in the Late Miocene and 
Pliocene respectively when AHe data is not incorporated. When AHe data is included, they both 
tightly model ~60°C of rapid cooling in the Pleistocene because clusters of AHe ages ca. 2 Ma 
shift the model to the right. The bottom sample, 17AK13, tightly models ~100°C of rapid 





Photo of hanging wall/footwall pair collected across the Gakona thrust. The hanging-wall sample 
has a young age and models rapid cooling at ca. 6 Ma, indicating that this thrust was active in the 
Late Miocene. The footwall sample has a more complex thermal history but also models cooling 
in the Mid-Late Miocene. Early Miocene thrust-top basin deposits are located out of frame in the 








DEM of the western portion of the field area with geologic units overlain. Locations where 
cobble samples were collected are shown. Cobbles are colored based on stratigraphic position. 
On the left is a composite stratigraphic section for the McCallum formation with cobble and 
tephra stratigraphic positions. All cobbles were collected from well constrained horizons 
stratigraphically adjacent to tephras dated using 40Ar/39Ar tephrochronology (Personal 
communication, Jeff Benowitz). Zircon U-Pb data suggests that the cobbles were sourced from 
the Pennsylvanian-Permian units located between the McCallum formation and the Denali Fault. 
Wai Allen at Purdue University created the stratigraphic section and performed all zircon U-Ph 
analysis at University of Arizona. DEM data from Wilson et al. (2015), Fault locations from U.S. 





Composite stratigraphic section of the McCallum formation. Inverse thermal models for 
individual cobble samples at different horizons are shown. AFT data, zircon U-Pb mean age and 
cooling trends are shown for each cobble. An additional geologic constraint (denoted by black 









Hypothesized locations for different portions of the study area at ca. 6 Ma. Assuming a constant strike-slip rate of 13 km/Myr (from 
Haussler et al. 2017) the McCallum Slate Creek Thrust is translated eastward ~80 km. This places the older eastern samples in the 
Mentasta releasing bend but keeps the younger western samples on the transpressive east-central Denali Fault. Locations of thrust-top 






Appendix A: Zeta Calibration 
 
Fission track counting data, individual zeta determinations and average apatite zeta values. 















Fish Canyon Tuff (27.9 ± 0.7 Ma) 
    SU012-10 25 1.303 2.093 1.718 83.2 350.9 ± 28 
SU009-02 25 1.677 2.346 2.155 93.8 305.2 ± 21 
UA011-01 25 1.685 1.894 2.058 21.9 359.2 ± 27 
UA013-01 25 1.839 2.187 2.365 16.2 327.7 ± 20 
     
AVG: 353 ± 21 
Durango (31.4 ± 0.5 Ma) 
     SU012-05 25 1.297 1.567 1.134 80.4 351.2 ± 25 
SU012-07 25 1.31 1.17 0.918 78.7 377.2 ± 31 
SU053-10 25 1.002 1.782 0.877 3.7 309.4 ± 22 
UA009-01 25 1.817 2.029 2.171 11.5 370.8 ± 25 
UA011-02 25 1.693 1.21 1.281 0.1 393.6 ± 31 
     
AVG: 323 ± 26 
Dromedary (98.7 ± 1.1 Ma) 
    UA009-03 25 1.785 8.66 2.96 54.9 380.9 ± 24 
UA009-04 25 1.785 6.539 2.633 71.1 448.7 ± 41 
UA011-04 25 1.708 9.462 2.76 0.0 339.8 ± 20 
UA011-05 25 1.716 7.335 2.166 79.4 342.4 ± 24 
     
AVG: 361 ± 30 
     






Zeta determinations for individual standard samples. Error bars are 2 σ. Green line shows 


















Appendix B: Bedrock AFT Raw Data and HeFTy Models 
 
Data from sample 17AK01 
Irradiation Number SU61-14, Counted by user: Thomas Warfel 
The mineral is: Apatite 
Elevation:  718 m, Location: 63.3920, -145.7414 
______________________________________________________________ 
No. Ns Ni Na Ratio U (ppm) Rhos Rhoi Age (Ma) 
______________________________________________________________ 
1 1 126 36 0.0080 46.4 0.432e5 5.442e6 2.0 ±  2.0 
2 1 104 36 0.01 38.3 0.432e5 4.491e6 2.5 ±  2.5 
3 1 17 16 0.059 14.1 0.972e5 1.652e6 15.0 ± 15.4 
4 3 133 40 0.023 44.1 1.166e5 5.169e6 5.7 ±  3.4 
5 1 38 16 0.026 31.5 0.972e5 3.692e6 6.7 ±  6.8 
6 3 58 32 0.052 24.0 1.458e5 2.818e6 13.2 ±  7.8 
7 3 193 80 0.016 32.0 0.583e5 3.751e6 4.0 ±  2.3 
8 2 203 60 0.01 44.9 0.518e5 5.26e6 2.5 ±  1.8 
9 2 51 16 0.039 42.3 1.943e5 4.956e6 10.0 ±  7.2 
10 2 142 60 0.014 31.4 0.518e5 3.68e6 3.6 ±  2.6 
11 1 51 16 0.02 42.3 0.972e5 4.956e6 5.0 ±  5.0 
12 1 81 24 0.012 44.8 0.648e5 5.247e6 3.1 ±  3.2 
13 0 41 16 0.0 34.0 0.0e5 3.984e6 0.0 ±  0.0 
14 5 174 50 0.029 46.2 1.555e5 5.41e6 7.3 ±  3.3 
15 0 41 16 0.0 34.0 0.0e5 3.984e6 0.0 ±  0.0 
16 2 176 60 0.011 38.9 0.518e5 4.561e6 2.9 ±  2.1 
17 2 109 40 0.018 36.1 0.777e5 4.237e6 4.7 ±  3.3 
18 2 98 32 0.02 40.6 0.972e5 4.761e6 5.2 ±  3.7 
19 5 44 16 0.114 36.5 4.859e5 4.275e6 28.9 ± 13.7 
20 3 116 36 0.026 42.7 1.296e5 5.01e6 6.6 ±  3.9 
21 0 17 9 0.0 25.1 0.0e5 2.937e6 0.0 ±  0.0 
22 3 91 60 0.033 20.1 0.777e5 2.358e6 8.4 ±  4.9 
23 5 106 36 0.047 39.1 2.159e5 4.578e6 12.0 ±  5.5 
24 1 15 16 0.067 12.4 0.972e5 1.458e6 17.0 ± 17.5 
25 1 70 36 0.014 25.8 0.432e5 3.023e6 3.6 ±  3.7 
______________________________________________________________ 
 50 2295 855  35.6 0.909e5 4.173e6 
 
Area of basic unit 6.432E-7cm-2 using Mic1:  6.432E-7 
Chi Square = 16.003 with 24 degrees of freedom. 
P(chi square) = 12.68% 
 
Ns/Ni = 0.022 ± 0.0030 
Mean Ratio = 0.027 ± 0.0050 
 
Pooled Age = 5.6 ± 0.8 Ma 
Mean Age = 6.8 ± 1.3 Ma 
Central Age = 5.6 ± 0.8 Ma 
% Variation = 4.68% 
 
Ages calculated using a zeta of 348.0 ± 9.5 for CN5 with 12.5ppm. 






Left: HeFTy inverse thermal model for 17AK01. Magenta envelope encloses all good model 
paths. Green envelope encloses all acceptable model paths. Black line denotes line of best fit. 
Purple line denotes weighted mean path. Purple box in the bottom left corner denotes the 
geologic constraint. Red line with white oval describes segment properties. Right: Track length 
distribution for 17AK01. Pop: number of kinetic populations, Model: modeled age or average 




Radial plot of single grain AFT data. Horizontal axis is total number of tracks counted for each 
grain such that lower precision grains plot to the left and higher precision grains plot to the right. 
Single grain ages can be determined by drawing a line from the origin to the number bar to the 
right. Points are color coded based on individual measured Dpar values. Black trend line(s) 











Data from sample 15PF01DON 
Irradiation Number SU56-03, Counted by user: Thomas Warfel 
The mineral is: Apatite 
Elevation: 558.0 m, Location: 63.676, -145.882 
______________________________________________________________ 
No. Ns Ni Na Ratio U (ppm) Rhos Rhoi Age (Ma) 
______________________________________________________________ 
1 4 4 30 1.0 2.1 2.073e5 0.207e6 210.5 ± 149.0 
2 3 3 16 1.0 3.0 2.915e5 0.292e6 210.5 ± 172.0 
3 1 1 25 1.0 0.6 0.622e5 0.062e6 210.5 ± 297.8 
4 1 2 30 0.5 1.1 0.518e5 0.104e6 106.1 ± 130.0 
5 2 4 35 0.5 1.8 0.888e5 0.178e6 106.1 ± 92.0 
6 2 10 36 0.2 4.4 0.864e5 0.432e6 42.7 ± 33.1 
7 4 5 40 0.8 2.0 1.555e5 0.194e6 169.0 ± 113.5 
8 7 18 60 0.389 4.7 1.814e5 0.466e6 82.7 ± 36.9 
9 4 6 40 0.667 2.4 1.555e5 0.233e6 141.1 ± 91.2 
10 8 12 100 0.667 1.9 1.244e5 0.187e6 141.1 ± 64.5 
11 10 33 100 0.303 5.2 1.555e5 0.513e6 64.5 ± 23.4 
12 4 4 28 1.0 2.3 2.221e5 0.222e6 210.5 ± 149.0 
13 5 12 32 0.417 5.9 2.429e5 0.583e6 88.6 ± 47.2 
14 4 5 21 0.8 3.8 2.961e5 0.37e6 169.0 ± 113.5 
15 2 10 50 0.2 3.2 0.622e5 0.311e6 42.7 ± 33.1 
16 1 5 32 0.2 2.5 0.486e5 0.243e6 42.7 ± 46.8 
17 17 30 60 0.567 7.9 4.405e5 0.777e6 120.2 ± 36.6 
18 2 12 40 0.167 4.7 0.777e5 0.466e6 35.6 ± 27.2 
19 5 14 60 0.357 3.7 1.296e5 0.363e6 76.0 ± 39.7 
20 3 10 30 0.3 5.3 1.555e5 0.518e6 63.9 ± 42.1 
21 5 13 48 0.385 4.3 1.62e5 0.421e6 81.8 ± 43.1 
22 3 6 37 0.5 2.6 1.261e5 0.252e6 106.1 ± 75.1 
23 3 12 35 0.25 5.4 1.333e5 0.533e6 53.3 ± 34.4 
24 5 9 70 0.556 2.0 1.111e5 0.2e6 117.8 ± 65.8 
25 5 20 88 0.25 3.6 0.883e5 0.353e6 53.3 ± 26.7 
______________________________________________________________ 
 110 260 1143  3.6 1.496e5 0.354e6 
 
Area of basic unit 6.432E-7cm-2 using Mic1:  6.432E-7 
Chi Square = 8.28 with 24 degrees of freedom. 
P(chi square) = 86.68% 
 
Ns/Ni = 0.423 ± 0.048 
Mean Ratio = 0.519 ± 0.056 
 
Pooled Age = 89.9 ± 10.6 Ma 
Mean Age = 110.1 ± 11.7 Ma 
Central Age = 89.9 ± 10.3 Ma 
% Variation = 0.0% 
 
Ages calculated using a zeta of 348.0 ± 9.5 for CN5 with 12.5ppm. 





Data from sample 17AK3B 
Irradiation Number SU62-16, Counted by user: Thomas Warfel 
The mineral is: Apatite 
Elevation:  1753 m, Location: 63.2893, -145.2391 
______________________________________________________________ 
No. Ns Ni Na Ratio U (ppm) Rhos Rhoi Age (Ma) 
______________________________________________________________ 
1 0 2 8 0.0 3.4 0.0e5 0.389e6 0.0 ±  0.0 
2 0 4 16 0.0 3.4 0.0e5 0.389e6 0.0 ±  0.0 
3 1 5 12 0.2 5.6 1.296e5 0.648e6 50.1 ± 54.9 
4 0 2 8 0.0 3.4 0.0e5 0.389e6 0.0 ±  0.0 
5 1 5 18 0.2 3.7 0.864e5 0.432e6 50.1 ± 54.9 
6 2 1 4 2.0 3.4 7.774e5 0.389e6 484.5 ± 593.6 
7 0 4 16 0.0 3.4 0.0e5 0.389e6 0.0 ±  0.0 
8 0 1 6 0.0 2.2 0.0e5 0.259e6 0.0 ±  0.0 
9 0 1 6 0.0 2.2 0.0e5 0.259e6 0.0 ±  0.0 
10 4 27 16 0.148 22.7 3.887e5 2.624e6 37.2 ± 19.9 
11 1 3 8 0.333 5.0 1.943e5 0.583e6 83.3 ± 96.2 
12 0 3 12 0.0 3.4 0.0e5 0.389e6 0.0 ±  0.0 
13 3 10 19 0.3 7.1 2.455e5 0.818e6 75.0 ± 49.4 
14 1 20 16 0.05 16.8 0.972e5 1.943e6 12.6 ± 12.9 
15 0 1 4 0.0 3.4 0.0e5 0.389e6 0.0 ±  0.0 
16 0 3 6 0.0 6.7 0.0e5 0.777e6 0.0 ±  0.0 
17 0 3 6 0.0 6.7 0.0e5 0.777e6 0.0 ±  0.0 
18 0 1 6 0.0 2.2 0.0e5 0.259e6 0.0 ±  0.0 
19 1 3 12 0.333 3.4 1.296e5 0.389e6 83.3 ± 96.2 
20 2 1 6 2.0 2.2 5.182e5 0.259e6 484.5 ± 593.6 
21 1 5 16 0.2 4.2 0.972e5 0.486e6 50.1 ± 54.9 
22 0 2 4 0.0 6.7 0.0e5 0.777e6 0.0 ±  0.0 
23 1 3 16 0.333 2.5 0.972e5 0.292e6 83.3 ± 96.2 
______________________________________________________________ 
 18 110 241  6.1 1.161e5 0.71e6 
 
Area of basic unit 6.432E-7cm-2 using Mic1:  6.432E-7 
Chi Square = 10.929 with 22 degrees of freedom. 
P(chi square) = 46.84% 
 
Ns/Ni = 0.164 ± 0.042 
Mean Ratio = 0.265 ± 0.117 
 
Pooled Age = 41.0 ± 10.5 Ma 
Mean Age = 66.4 ± 28.4 Ma 
Central Age = 41.0 ± 10.4 Ma 
% Variation = 0.0% 
 
Ages calculated using a zeta of 348.0 ± 9.5 for CN5 with 12.5ppm. 





Data from sample 17AK15 
Irradiation Number SU62-13, Counted by user: Thomas Warfel 
The mineral is: Apatite 
Elevation:  1463 m, Location: 63.2447, -144.9818 
______________________________________________________________ 
No. Ns Ni Na Ratio U (ppm) Rhos Rhoi Age (Ma) 
______________________________________________________________ 
1 1 3 8 0.333 5.1 1.943e5 0.583e6 81.7 ± 94.4 
2 0 2 12 0.0 2.3 0.0e5 0.259e6 0.0 ±  0.0 
3 1 5 24 0.2 2.9 0.648e5 0.324e6 49.2 ± 53.9 
4 2 2 12 1.0 2.3 2.591e5 0.259e6 242.1 ± 242.2 
5 0 3 8 0.0 5.1 0.0e5 0.583e6 0.0 ±  0.0 
6 0 1 9 0.0 1.5 0.0e5 0.173e6 0.0 ±  0.0 
7 0 2 32 0.0 0.9 0.0e5 0.097e6 0.0 ±  0.0 
8 0 4 18 0.0 3.0 0.0e5 0.345e6 0.0 ±  0.0 
9 0 3 16 0.0 2.6 0.0e5 0.292e6 0.0 ±  0.0 
10 1 13 36 0.077 4.9 0.432e5 0.561e6 19.0 ± 19.7 
11 1 2 18 0.5 1.5 0.864e5 0.173e6 122.2 ± 149.7 
12 0 1 20 0.0 0.7 0.0e5 0.078e6 0.0 ±  0.0 
13 0 2 9 0.0 3.0 0.0e5 0.345e6 0.0 ±  0.0 
14 0 2 8 0.0 3.4 0.0e5 0.389e6 0.0 ±  0.0 
15 0 1 12 0.0 1.1 0.0e5 0.13e6 0.0 ±  0.0 
16 1 4 12 0.25 4.6 1.296e5 0.518e6 61.4 ± 68.7 
17 2 5 24 0.4 2.9 1.296e5 0.324e6 97.9 ± 82.0 
18 0 3 16 0.0 2.6 0.0e5 0.292e6 0.0 ±  0.0 
19 1 4 12 0.25 4.6 1.296e5 0.518e6 61.4 ± 68.7 
20 0 3 9 0.0 4.6 0.0e5 0.518e6 0.0 ±  0.0 
21 0 4 16 0.0 3.4 0.0e5 0.389e6 0.0 ±  0.0 
22 0 8 36 0.0 3.0 0.0e5 0.345e6 0.0 ±  0.0 
23 1 3 32 0.333 1.3 0.486e5 0.146e6 81.7 ± 94.4 
24 0 2 15 0.0 1.8 0.0e5 0.207e6 0.0 ±  0.0 
25 0 3 12 0.0 3.4 0.0e5 0.389e6 0.0 ±  0.0 
26 2 4 16 0.5 3.4 1.943e5 0.389e6 122.2 ± 105.9 
27 1 3 8 0.333 5.1 1.943e5 0.583e6 81.7 ± 94.4 
28 0 2 8 0.0 3.4 0.0e5 0.389e6 0.0 ±  0.0 
29 0 2 8 0.0 3.4 0.0e5 0.389e6 0.0 ±  0.0 
30 1 2 60 0.5 0.5 0.259e5 0.052e6 122.2 ± 149.7 
______________________________________________________________ 
 15 98 526  2.6 0.443e5 0.29e6 
 
Area of basic unit 6.432E-7cm-2 using Mic1:  6.432E-7 
Chi Square = 9.997 with 29 degrees of freedom. 
P(chi square) = 89.31% 
 
Ns/Ni = 0.153 ± 0.042 
Mean Ratio = 0.156 ± 0.044 
 
Pooled Age = 37.7 ± 10.5 Ma 
Mean Age = 38.4 ± 10.7 Ma 
Central Age = 37.7 ± 10.4 Ma 
% Variation = 0.0% 
 
Ages calculated using a zeta of 348.0 ± 9.5 for CN5 with 12.5ppm. 




















Data from sample DR001 
Irradiation Number SU59-07, Counted by user: Thomas Warfel 
The mineral is: Apatite 
Elevation: 1796 m, Location: 63.216, -144.3 
______________________________________________________________ 
No. Ns Ni Na Ratio U (ppm) Rhos Rhoi Age (Ma) 
______________________________________________________________ 
1 13 74 60 0.176 20.1 3.369e5 1.917e6 36.3 ± 11.0 
2 11 95 30 0.116 51.6 5.701e5 4.923e6 24.0 ±  7.7 
3 15 76 40 0.197 31.0 5.83e5 2.954e6 40.8 ± 11.6 
4 11 70 46 0.157 24.8 3.718e5 2.366e6 32.5 ± 10.6 
5 22 127 35 0.173 59.2 9.773e5 5.641e6 35.8 ±  8.3 
6 11 40 21 0.275 31.1 8.144e5 2.961e6 56.8 ± 19.4 
7 32 160 40 0.2 65.2 12.438e5 6.219e6 41.3 ±  8.1 
8 22 112 42 0.196 43.5 8.144e5 4.146e6 40.6 ±  9.5 
9 29 88 36 0.33 39.9 12.524e5 3.8e6 68.0 ± 14.7 
10 37 166 48 0.223 56.4 11.984e5 5.377e6 46.1 ±  8.5 
11 18 69 25 0.261 45.0 11.194e5 4.291e6 53.9 ± 14.3 
12 13 127 24 0.102 86.3 8.421e5 8.227e6 21.2 ±  6.2 
13 8 76 45 0.105 27.5 2.764e5 2.626e6 21.8 ±  8.1 
14 5 47 20 0.106 38.3 3.887e5 3.654e6 22.0 ± 10.4 
15 13 63 30 0.206 34.2 6.737e5 3.265e6 42.7 ± 13.1 
16 9 59 28 0.153 34.4 4.997e5 3.276e6 31.6 ± 11.3 
17 18 112 69 0.161 26.5 4.056e5 2.524e6 33.2 ±  8.5 
18 23 89 28 0.258 51.8 12.771e5 4.942e6 53.4 ± 12.6 
19 8 38 24 0.211 25.8 5.182e5 2.462e6 43.5 ± 17.0 
20 34 153 100 0.222 24.9 5.286e5 2.379e6 45.9 ±  8.8 
21 9 51 18 0.176 46.2 7.774e5 4.405e6 36.5 ± 13.2 
22 7 26 18 0.269 23.5 6.046e5 2.246e6 55.6 ± 23.7 
23 18 78 25 0.231 50.9 11.194e5 4.851e6 47.7 ± 12.5 
24 21 92 30 0.228 50.0 10.883e5 4.768e6 47.2 ± 11.5 
25 20 77 35 0.26 35.9 8.884e5 3.42e6 53.6 ± 13.6 
______________________________________________________________ 
 427 2165 917  38.5 7.24e5 3.671e6 
 
Area of basic unit 6.432E-7cm-2 using Mic1:  6.432E-7 
Chi Square = 13.878 with 24 degrees of freedom. 
P(chi square) = 27.05% 
 
Ns/Ni = 0.197 ± 0.01 
Mean Ratio = 0.2 ± 0.012 
 
Pooled Age = 40.8 ± 2.5 Ma 
Mean Age = 41.3 ± 2.4 Ma 
Central Age = 40.7 ± 2.4 Ma 
% Variation = 9.91% 
 
Ages calculated using a zeta of 348.0 ± 9.5 for CN5 with 12.5ppm. 











Data from sample 63CONG 
Irradiation Number SU64-1, Counted by user: Thomas Warfel 
The mineral is: Apatite 
Elevation:  1532 m, Location: 63.2159, -144.6935 
______________________________________________________________ 
No. Ns Ni Na Ratio U (ppm) Rhos Rhoi Age (Ma) 
______________________________________________________________ 
1 1 2 24 0.5 1.3 0.648e5 0.13e6 111.5 ± 136.6 
2 0 3 24 0.0 1.9 0.0e5 0.194e6 0.0 ±  0.0 
3 0 10 60 0.0 2.5 0.0e5 0.259e6 0.0 ±  0.0 
4 0 3 48 0.0 0.9 0.0e5 0.097e6 0.0 ±  0.0 
5 0 2 16 0.0 1.9 0.0e5 0.194e6 0.0 ±  0.0 
6 0 3 16 0.0 2.8 0.0e5 0.292e6 0.0 ±  0.0 
7 0 2 24 0.0 1.3 0.0e5 0.13e6 0.0 ±  0.0 
8 0 1 24 0.0 0.6 0.0e5 0.065e6 0.0 ±  0.0 
9 0 2 30 0.0 1.0 0.0e5 0.104e6 0.0 ±  0.0 
10 0 1 8 0.0 1.9 0.0e5 0.194e6 0.0 ±  0.0 
11 0 2 16 0.0 1.9 0.0e5 0.194e6 0.0 ±  0.0 
12 1 2 32 0.5 0.9 0.486e5 0.097e6 111.5 ± 136.6 
13 0 1 4 0.0 3.8 0.0e5 0.389e6 0.0 ±  0.0 
14 0 1 18 0.0 0.8 0.0e5 0.086e6 0.0 ±  0.0 
15 0 1 4 0.0 3.8 0.0e5 0.389e6 0.0 ±  0.0 
16 0 1 4 0.0 3.8 0.0e5 0.389e6 0.0 ±  0.0 
17 0 1 16 0.0 0.9 0.0e5 0.097e6 0.0 ±  0.0 
18 0 1 6 0.0 2.5 0.0e5 0.259e6 0.0 ±  0.0 
19 0 2 4 0.0 7.5 0.0e5 0.777e6 0.0 ±  0.0 
20 0 1 8 0.0 1.9 0.0e5 0.194e6 0.0 ±  0.0 
21 0 2 12 0.0 2.5 0.0e5 0.259e6 0.0 ±  0.0 
22 0 3 8 0.0 5.6 0.0e5 0.583e6 0.0 ±  0.0 
23 0 2 12 0.0 2.5 0.0e5 0.259e6 0.0 ±  0.0 
24 1 2 6 0.5 5.0 2.591e5 0.518e6 111.5 ± 136.6 
25 0 1 8 0.0 1.9 0.0e5 0.194e6 0.0 ±  0.0 
______________________________________________________________ 
 3 52 432  1.8 0.108e5 0.187e6 
 
Area of basic unit 6.432E-7cm-2 using Mic1:  6.432E-7 
Chi Square = 8.109 with 24 degrees of freedom. 
P(chi square) = 88.0% 
 
Ns/Ni = 0.058 ± 0.034 
Mean Ratio = 0.06 ± 0.033 
 
Pooled Age = 13.0 ± 7.7 Ma 
Mean Age = 13.5 ± 7.4 Ma 
Central Age = 13.0 ± 7.7 Ma 
% Variation = 0.53% 
 
Ages calculated using a zeta of 348.0 ± 9.5 for CN5 with 12.5ppm. 





Data from sample 17AK06 
Irradiation Number SU62-10, Counted by user: Thomas Warfel 
The mineral is: Apatite 
Elevation:  1612, Location: 63.2693, -145.2131 
______________________________________________________________ 
No. Ns Ni Na Ratio U (ppm) Rhos Rhoi Age (Ma) 
______________________________________________________________ 
1 0 16 32 0.0 7.0 0.0e5 0.777e6 0.0 ±  0.0 
2 2 21 24 0.095 12.2 1.296e5 1.36e6 23.0 ± 17.0 
3 1 54 36 0.019 21.0 0.432e5 2.332e6 4.5 ±  4.5 
4 5 78 60 0.064 18.2 1.296e5 2.021e6 15.5 ±  7.2 
5 1 25 28 0.04 12.5 0.555e5 1.388e6 9.7 ±  9.9 
6 1 30 24 0.033 17.5 0.648e5 1.943e6 8.1 ±  8.2 
7 1 13 16 0.077 11.4 0.972e5 1.263e6 18.6 ± 19.3 
8 2 59 36 0.034 22.9 0.864e5 2.548e6 8.2 ±  5.9 
9 1 20 16 0.05 17.5 0.972e5 1.943e6 12.1 ± 12.4 
10 1 19 24 0.053 11.1 0.648e5 1.231e6 12.7 ± 13.1 
11 2 138 60 0.014 32.2 0.518e5 3.576e6 3.5 ±  2.5 
12 0 18 24 0.0 10.5 0.0e5 1.166e6 0.0 ±  0.0 
13 0 21 16 0.0 18.4 0.0e5 2.041e6 0.0 ±  0.0 
14 6 104 80 0.058 18.2 1.166e5 2.021e6 13.9 ±  5.9 
15 1 63 60 0.016 14.7 0.259e5 1.632e6 3.8 ±  3.9 
16 1 73 60 0.014 17.0 0.259e5 1.892e6 3.3 ±  3.3 
17 1 86 64 0.012 18.8 0.243e5 2.089e6 2.8 ±  2.8 
18 3 29 32 0.103 12.7 1.458e5 1.409e6 25.0 ± 15.2 
19 2 73 60 0.027 17.0 0.518e5 1.892e6 6.6 ±  4.8 
20 1 20 18 0.05 15.5 0.864e5 1.727e6 12.1 ± 12.4 
21 3 85 60 0.035 19.8 0.777e5 2.203e6 8.5 ±  5.0 
22 1 27 16 0.037 23.6 0.972e5 2.624e6 9.0 ±  9.1 
23 0 6 12 0.0 7.0 0.0e5 0.777e6 0.0 ±  0.0 
24 1 64 40 0.016 22.4 0.389e5 2.488e6 3.8 ±  3.8 
25 1 26 16 0.038 22.7 0.972e5 2.526e6 9.3 ±  9.5 
______________________________________________________________ 
 38 1168 914  17.9 0.646e5 1.987e6 
 
Area of basic unit 6.432E-7cm-2 using Mic1:  6.432E-7 
Chi Square = 9.346 with 24 degrees of freedom. 
P(chi square) = 76.83% 
 
Ns/Ni = 0.033 ± 0.0050 
Mean Ratio = 0.035 ± 0.0060 
 
Pooled Age = 7.9 ± 1.3 Ma 
Mean Age = 8.6 ± 1.4 Ma 
Central Age = 7.9 ± 1.3 Ma 
% Variation = 0.07% 
 
Ages calculated using a zeta of 348.0 ± 9.5 for CN5 with 12.5ppm. 





Data from sample 46CONG 
Irradiation Number SU61-16, Counted by user: Thomas Warfel 
The mineral is: Apatite 
Elevation: 1532 m, Location: 63.2201, -144.8842 
______________________________________________________________ 
No. Ns Ni Na Ratio U (ppm) Rhos Rhoi Age (Ma) 
______________________________________________________________ 
1 2 3 3 0.667 13.1 10.365e5 1.555e6 170.0 ± 155.3 
2 1 8 6 0.125 17.4 2.591e5 2.073e6 32.2 ± 34.2 
3 1 6 12 0.167 6.5 1.296e5 0.777e6 42.9 ± 46.4 
4 0 12 6 0.0 26.2 0.0e5 3.109e6 0.0 ±  0.0 
5 0 4 3 0.0 17.4 0.0e5 2.073e6 0.0 ±  0.0 
6 1 1 4 1.0 3.3 3.887e5 0.389e6 253.3 ± 358.4 
7 0 15 6 0.0 32.7 0.0e5 3.887e6 0.0 ±  0.0 
8 0 7 6 0.0 15.3 0.0e5 1.814e6 0.0 ±  0.0 
9 1 5 4 0.2 16.4 3.887e5 1.943e6 51.5 ± 56.4 
10 0 10 12 0.0 10.9 0.0e5 1.296e6 0.0 ±  0.0 
11 1 4 4 0.25 13.1 3.887e5 1.555e6 64.3 ± 71.9 
12 0 3 4 0.0 9.8 0.0e5 1.166e6 0.0 ±  0.0 
13 1 7 8 0.143 11.5 1.943e5 1.36e6 36.8 ± 39.4 
14 1 8 6 0.125 17.4 2.591e5 2.073e6 32.2 ± 34.2 
15 1 12 12 0.083 13.1 1.296e5 1.555e6 21.5 ± 22.4 
16 0 15 12 0.0 16.4 0.0e5 1.943e6 0.0 ±  0.0 
17 0 2 4 0.0 6.5 0.0e5 0.777e6 0.0 ±  0.0 
18 0 2 6 0.0 4.4 0.0e5 0.518e6 0.0 ±  0.0 
19 4 31 24 0.129 16.9 2.591e5 2.008e6 33.3 ± 17.7 
20 0 8 8 0.0 13.1 0.0e5 1.555e6 0.0 ±  0.0 
21 1 4 6 0.25 8.7 2.591e5 1.036e6 64.3 ± 71.9 
22 1 8 12 0.125 8.7 1.296e5 1.036e6 32.2 ± 34.2 
23 0 34 32 0.0 13.9 0.0e5 1.652e6 0.0 ±  0.0 
24 0 3 4 0.0 9.8 0.0e5 1.166e6 0.0 ±  0.0 
25 1 17 9 0.059 24.7 1.727e5 2.937e6 15.2 ± 15.6 
26 0 7 4 0.0 22.9 0.0e5 2.721e6 0.0 ±  0.0 
27 1 5 12 0.2 5.5 1.296e5 0.648e6 51.5 ± 56.4 
28 0 4 6 0.0 8.7 0.0e5 1.036e6 0.0 ±  0.0 
29 3 6 12 0.5 6.5 3.887e5 0.777e6 127.9 ± 90.5 
30 3 27 16 0.111 22.1 2.915e5 2.624e6 28.6 ± 17.5 
______________________________________________________________ 
 24 278 263  13.8 1.419e5 1.643e6 
 
Area of basic unit 6.432E-7cm-2 using Mic1:  6.432E-7 
Chi Square = 17.886 with 29 degrees of freedom. 
P(chi square) = 18.03% 
 
Ns/Ni = 0.086 ± 0.018 
Mean Ratio = 0.138 ± 0.041 
 
Pooled Age = 22.3 ± 4.8 Ma 
Mean Age = 35.5 ± 10.4 Ma 
Central Age = 22.7 ± 5.1 Ma 
% Variation = 35.45% 
 
Ages calculated using a zeta of 348.0 ± 9.5 for CN5 with 12.5ppm. 








Data from sample 10KIM 
Irradiation Number SU59-1, Counted by user: Thomas Warfel 
The mineral is: Apatite 




No. Ns Ni Na Ratio U (ppm) Rhos Rhoi Age (Ma) 
______________________________________________________________ 
1 0 5 91 0.0 1.0 0.0e5 0.085e6 0.0 ±  0.0 
2 0 4 100 0.0 0.7 0.0e5 0.062e6 0.0 ±  0.0 
3 2 6 30 0.333 3.5 1.036e5 0.311e6 64.2 ± 52.5 
4 0 2 20 0.0 1.7 0.0e5 0.155e6 0.0 ±  0.0 
5 0 4 60 0.0 1.2 0.0e5 0.104e6 0.0 ±  0.0 
6 1 5 90 0.2 1.0 0.173e5 0.086e6 38.6 ± 42.3 
7 2 3 42 0.667 1.2 0.74e5 0.111e6 127.8 ± 116.8 
8 2 2 40 1.0 0.9 0.777e5 0.078e6 190.8 ± 190.9 
9 3 6 100 0.5 1.0 0.466e5 0.093e6 96.1 ± 68.0 
10 1 3 63 0.333 0.8 0.247e5 0.074e6 64.2 ± 74.2 
11 7 9 70 0.778 2.2 1.555e5 0.2e6 148.9 ± 75.2 
12 2 4 80 0.5 0.9 0.389e5 0.078e6 96.1 ± 83.3 
13 1 3 64 0.333 0.8 0.243e5 0.073e6 64.2 ± 74.2 
14 3 7 81 0.429 1.5 0.576e5 0.134e6 82.5 ± 57.0 
15 1 5 72 0.2 1.2 0.216e5 0.108e6 38.6 ± 42.3 
16 2 3 45 0.667 1.2 0.691e5 0.104e6 127.8 ± 116.8 
17 2 2 36 1.0 1.0 0.864e5 0.086e6 190.8 ± 190.9 
18 2 3 25 0.667 2.1 1.244e5 0.187e6 127.8 ± 116.8 
19 0 4 64 0.0 1.1 0.0e5 0.097e6 0.0 ±  0.0 
20 0 6 40 0.0 2.6 0.0e5 0.233e6 0.0 ±  0.0 
21 1 7 100 0.143 1.2 0.155e5 0.109e6 27.6 ± 29.5 
22 0 5 48 0.0 1.8 0.0e5 0.162e6 0.0 ±  0.0 
23 1 2 24 0.5 1.5 0.648e5 0.13e6 96.1 ± 117.7 
24 0 2 16 0.0 2.2 0.0e5 0.194e6 0.0 ±  0.0 
25 1 6 100 0.167 1.0 0.155e5 0.093e6 32.2 ± 34.8 
______________________________________________________________ 
 34 108 1501  1.3 0.352e5 0.112e6 
 
Area of basic unit 6.432E-7cm-2 using Mic1:  6.432E-7 
Chi Square = 10.496 with 24 degrees of freedom. 
P(chi square) = 63.92% 
 
Ns/Ni = 0.315 ± 0.062 
Mean Ratio = 0.337 ± 0.065 
 
Pooled Age = 60.7 ± 12.1 Ma 
Mean Age = 64.9 ± 12.3 Ma 
Central Age = 60.6 ± 12.0 Ma 
% Variation = 4.87% 
 
Ages calculated using a zeta of 348.0 ± 9.5 for CN5 with 12.5ppm. 





Data from sample 02KIM 
Irradiation Number SU63-1, Counted by user: Thomas Warfel 
The mineral is: Apatite 
Elevation:  1284 m, Location: 63.1571, -144.6592 
______________________________________________________________ 
No. Ns Ni Na Ratio U (ppm) Rhos Rhoi Age (Ma) 
______________________________________________________________ 
1 6 28 30 0.214 13.3 3.109e5 1.451e6 50.6 ± 22.8 
2 1 1 6 1.0 2.4 2.591e5 0.259e6 232.9 ± 329.4 
3 1 7 10 0.143 10.0 1.555e5 1.088e6 33.8 ± 36.1 
4 2 4 7 0.5 8.1 4.442e5 0.888e6 117.5 ± 101.8 
5 3 9 8 0.333 16.0 5.83e5 1.749e6 78.6 ± 52.4 
6 10 13 32 0.769 5.8 4.859e5 0.632e6 179.9 ± 75.9 
7 6 12 18 0.5 9.5 5.182e5 1.036e6 117.5 ± 58.9 
8 0 10 9 0.0 15.8 0.0e5 1.727e6 0.0 ±  0.0 
9 17 46 64 0.37 10.2 4.13e5 1.117e6 87.1 ± 24.8 
10 5 24 36 0.208 9.5 2.159e5 1.036e6 49.2 ± 24.2 
11 3 10 16 0.3 8.9 2.915e5 0.972e6 70.8 ± 46.6 
12 5 10 18 0.5 7.9 4.319e5 0.864e6 117.5 ± 64.5 
13 14 75 96 0.187 11.1 2.267e5 1.215e6 44.1 ± 12.9 
14 2 6 12 0.333 7.1 2.591e5 0.777e6 78.6 ± 64.2 
15 6 12 16 0.5 10.7 5.83e5 1.166e6 117.5 ± 58.9 
16 4 10 12 0.4 11.9 5.182e5 1.296e6 94.2 ± 55.8 
17 2 10 12 0.2 11.9 2.591e5 1.296e6 47.3 ± 36.6 
18 10 22 21 0.455 14.9 7.403e5 1.629e6 106.9 ± 40.9 
19 3 12 18 0.25 9.5 2.591e5 1.036e6 59.0 ± 38.1 
20 1 6 16 0.167 5.3 0.972e5 0.583e6 39.4 ± 42.6 
21 6 14 16 0.429 12.5 5.83e5 1.36e6 100.8 ± 49.3 
22 5 11 16 0.455 9.8 4.859e5 1.069e6 106.9 ± 57.7 
23 1 4 12 0.25 4.8 1.296e5 0.518e6 59.0 ± 66.0 
24 4 13 25 0.308 7.4 2.488e5 0.808e6 72.6 ± 41.5 
25 2 9 12 0.222 10.7 2.591e5 1.166e6 52.5 ± 41.1 
______________________________________________________________ 
 119 378 538  10.0 3.439e5 1.092e6 
 
Area of basic unit 6.432E-7cm-2 using Mic1:  6.432E-7 
Chi Square = 10.097 with 24 degrees of freedom. 
P(chi square) = 68.57% 
 
Ns/Ni = 0.315 ± 0.033 
Mean Ratio = 0.36 ± 0.042 
 
Pooled Age = 74.2 ± 8.1 Ma 
Mean Age = 84.7 ± 9.7 Ma 
Central Age = 75.2 ± 8.4 Ma 
% Variation = 14.0% 
 
Ages calculated using a zeta of 348.0 ± 9.5 for CN5 with 12.5ppm. 












Data from sample 08CONG 
Irradiation Number SU61-9, Counted by user#: Thomas Warfel 
The mineral is: Apatite 
Elevation:  1864 m, Location: 63.2390, -145.2528 
______________________________________________________________ 
No. Ns Ni Na Ratio U (ppm) Rhos Rhoi Age (Ma) 
______________________________________________________________ 
1 0 21 16 0.0 18.0 0.0e5 2.041e6 0.0 ±  0.0 
2 3 81 32 0.037 34.8 1.458e5 3.935e6 9.1 ±  5.4 
3 4 35 18 0.114 26.7 3.455e5 3.023e6 28.1 ± 14.8 
4 0 17 12 0.0 19.5 0.0e5 2.203e6 0.0 ±  0.0 
5 4 26 12 0.154 29.8 5.182e5 3.369e6 37.7 ± 20.3 
6 0 23 18 0.0 17.6 0.0e5 1.987e6 0.0 ±  0.0 
7 0 16 9 0.0 24.4 0.0e5 2.764e6 0.0 ±  0.0 
8 1 15 8 0.067 25.8 1.943e5 2.915e6 16.4 ± 16.9 
9 3 22 24 0.136 12.6 1.943e5 1.425e6 33.5 ± 20.6 
10 5 35 21 0.143 22.9 3.702e5 2.591e6 35.1 ± 16.8 
11 3 53 52 0.057 14.0 0.897e5 1.585e6 13.9 ±  8.3 
12 1 16 16 0.063 13.7 0.972e5 1.555e6 15.4 ± 15.8 
13 1 15 16 0.067 12.9 0.972e5 1.458e6 16.4 ± 16.9 
14 0 24 12 0.0 27.5 0.0e5 3.109e6 0.0 ±  0.0 
15 2 20 8 0.1 34.4 3.887e5 3.887e6 24.6 ± 18.2 
16 0 12 9 0.0 18.3 0.0e5 2.073e6 0.0 ±  0.0 
17 5 132 60 0.038 30.2 1.296e5 3.42e6 9.3 ±  4.3 
18 2 15 8 0.133 25.8 3.887e5 2.915e6 32.7 ± 24.7 
19 0 2 8 0.0 3.4 0.0e5 0.389e6 0.0 ±  0.0 
20 1 16 12 0.063 18.3 1.296e5 2.073e6 15.4 ± 15.8 
21 1 33 12 0.03 37.8 1.296e5 4.275e6 7.5 ±  7.6 
22 2 33 12 0.061 37.8 2.591e5 4.275e6 14.9 ± 10.9 
23 2 33 18 0.061 25.2 1.727e5 2.85e6 14.9 ± 10.9 
24 0 7 12 0.0 8.0 0.0e5 0.907e6 0.0 ±  0.0 
25 1 23 16 0.043 19.8 0.972e5 2.235e6 10.7 ± 10.9 
______________________________________________________________ 
 41 725 441  22.6 1.445e5 2.556e6 
 
Area of basic unit 6.432E-7cm-2 using Mic1:  6.432E-7 
Chi Square = 11.289 with 24 degrees of freedom. 
P(chi square) = 54.48% 
 
Ns/Ni = 0.057 ± 0.0090 
Mean Ratio = 0.055 ± 0.01 
 
Pooled Age = 13.9 ± 2.3 Ma 
Mean Age = 13.4 ± 2.5 Ma 
Central Age = 13.9 ± 2.2 Ma 
% Variation = 1.72% 
 
Ages calculated using a zeta of 348.0 ± 9.5 for CN5 with 12.5ppm. 












Data from sample 17AK07 
Irradiation Number SU61-01, Counted by user: Thomas Warfel 
The mineral is: Apatite 
Elevation:  2222 m, Location: 63.2494, -145.2559 
______________________________________________________________ 
No. Ns Ni Na Ratio U (ppm) Rhos Rhoi Age (Ma) 
______________________________________________________________ 
1 2 18 30 0.111 8.7 1.036e5 0.933e6 25.7 ± 19.2 
2 5 13 24 0.385 7.9 3.239e5 0.842e6 88.6 ± 46.7 
3 5 59 77 0.085 11.2 1.01e5 1.191e6 19.6 ±  9.2 
4 3 50 90 0.06 8.1 0.518e5 0.864e6 13.9 ±  8.3 
5 3 73 100 0.041 10.6 0.466e5 1.135e6 9.5 ±  5.6 
6 0 20 40 0.0 7.3 0.0e5 0.777e6 0.0 ±  0.0 
7 1 55 100 0.018 8.0 0.155e5 0.855e6 4.2 ±  4.3 
8 3 19 34 0.158 8.1 1.372e5 0.869e6 36.5 ± 22.7 
9 2 79 58 0.025 19.9 0.536e5 2.118e6 5.9 ±  4.2 
10 0 21 36 0.0 8.5 0.0e5 0.907e6 0.0 ±  0.0 
11 3 34 80 0.088 6.2 0.583e5 0.661e6 20.4 ± 12.3 
12 1 20 36 0.05 8.1 0.432e5 0.864e6 11.6 ± 11.9 
13 5 47 64 0.106 10.7 1.215e5 1.142e6 24.6 ± 11.6 
14 6 85 18 0.071 68.8 5.182e5 7.342e6 16.4 ±  6.9 
15 1 50 60 0.02 12.1 0.259e5 1.296e6 4.6 ±  4.7 
16 1 32 36 0.031 13.0 0.432e5 1.382e6 7.2 ±  7.4 
17 5 64 60 0.078 15.6 1.296e5 1.658e6 18.1 ±  8.4 
18 2 44 60 0.045 10.7 0.518e5 1.14e6 10.5 ±  7.6 
19 4 72 80 0.056 13.1 0.777e5 1.399e6 12.9 ±  6.6 
20 3 30 16 0.1 27.3 2.915e5 2.915e6 23.2 ± 14.0 
21 2 21 40 0.095 7.7 0.777e5 0.816e6 22.1 ± 16.3 
22 0 25 16 0.0 22.8 0.0e5 2.429e6 0.0 ±  0.0 
23 5 55 60 0.091 13.4 1.296e5 1.425e6 21.1 ±  9.9 
24 7 38 60 0.184 9.2 1.814e5 0.985e6 42.6 ± 17.6 
25 3 50 80 0.06 9.1 0.583e5 0.972e6 13.9 ±  8.3 
______________________________________________________________ 
 72 1074 1355  11.6 0.826e5 1.232e6 
 
Area of basic unit 6.432E-7cm-2 using Mic1:  6.432E-7 
Chi Square = 18.847 with 24 degrees of freedom. 
P(chi square) = 3.72% 
 
Ns/Ni = 0.067 ± 0.0080 
Mean Ratio = 0.078 ± 0.016 
 
Pooled Age = 15.5 ± 1.9 Ma 
Mean Age = 18.1 ± 3.6 Ma 
Central Age = 15.7 ± 2.1 Ma 
% Variation = 25.24% 
 
Ages calculated using a zeta of 348.0 ± 9.5 for CN5 with 12.5ppm. 











Data from sample 17AK08 
Irradiation Number SU61-4, Counted by user: Thomas Warfel 
The mineral is: Apatite 
Elevation:  2012 m, Location: 63.2462, -145.2565 
______________________________________________________________ 
No. Ns Ni Na Ratio U (ppm) Rhos Rhoi Age (Ma) 
______________________________________________________________ 
1 0 24 36 0.0 9.5 0.0e5 1.036e6 0.0 ±  0.0 
2 0 8 16 0.0 7.1 0.0e5 0.777e6 0.0 ±  0.0 
3 1 38 36 0.026 15.1 0.432e5 1.641e6 6.2 ±  6.3 
4 3 74 80 0.041 13.2 0.583e5 1.438e6 9.6 ±  5.7 
5 4 75 48 0.053 22.3 1.296e5 2.429e6 12.6 ±  6.5 
6 2 25 24 0.08 14.9 1.296e5 1.62e6 18.9 ± 13.9 
7 0 51 40 0.0 18.2 0.0e5 1.982e6 0.0 ±  0.0 
8 0 16 36 0.0 6.3 0.0e5 0.691e6 0.0 ±  0.0 
9 2 40 60 0.05 9.5 0.518e5 1.036e6 11.8 ±  8.6 
10 0 9 18 0.0 7.1 0.0e5 0.777e6 0.0 ±  0.0 
11 7 42 64 0.167 9.4 1.7e5 1.02e6 39.4 ± 16.1 
12 1 24 24 0.042 14.3 0.648e5 1.555e6 9.9 ± 10.1 
13 0 8 12 0.0 9.5 0.0e5 1.036e6 0.0 ±  0.0 
14 3 7 8 0.429 12.5 5.83e5 1.36e6 100.8 ± 69.7 
15 0 7 18 0.0 5.5 0.0e5 0.605e6 0.0 ±  0.0 
16 1 5 12 0.2 5.9 1.296e5 0.648e6 47.3 ± 51.8 
17 5 72 80 0.069 12.8 0.972e5 1.399e6 16.4 ±  7.6 
18 4 39 36 0.103 15.4 1.727e5 1.684e6 24.3 ± 12.8 
19 0 20 18 0.0 15.8 0.0e5 1.727e6 0.0 ±  0.0 
20 1 2 12 0.5 2.4 1.296e5 0.259e6 117.5 ± 144.0 
21 1 38 36 0.026 15.1 0.432e5 1.641e6 6.2 ±  6.3 
22 0 9 18 0.0 7.1 0.0e5 0.777e6 0.0 ±  0.0 
23 2 42 60 0.048 10.0 0.518e5 1.088e6 11.3 ±  8.2 
24 1 26 30 0.038 12.4 0.518e5 1.347e6 9.1 ±  9.3 
25 0 11 18 0.0 8.7 0.0e5 0.95e6 0.0 ±  0.0 
______________________________________________________________ 
 38 712 840  12.1 0.703e5 1.318e6 
 
Area of basic unit 6.432E-7cm-2 using Mic1:  6.432E-7 
Chi Square = 20.306 with 24 degrees of freedom. 
P(chi square) = 1.84% 
 
Ns/Ni = 0.053 ± 0.0090 
Mean Ratio = 0.075 ± 0.026 
 
Pooled Age = 12.6 ± 2.1 Ma 
Mean Age = 17.7 ± 6.1 Ma 
Central Age = 12.6 ± 2.5 Ma 
% Variation = 47.76% 
 
Ages calculated using a zeta of 348.0 ± 9.5 for CN5 with 12.5ppm. 











Data from sample 17AK13 
Irradiation Number SU61-13, Counted by user: Thomas Warfel 
The mineral is: Apatite 
Elevation:  1530 m, Location: 63.2419, -145.2342 
______________________________________________________________ 
No. Ns Ni Na Ratio U (ppm) Rhos Rhoi Age (Ma) 
______________________________________________________________ 
1 1 92 60 0.011 20.5 0.259e5 2.384e6 2.8 ±  2.8 
2 14 252 100 0.056 33.7 2.177e5 3.918e6 14.0 ±  3.9 
3 8 232 100 0.034 31.0 1.244e5 3.607e6 8.7 ±  3.1 
4 5 181 40 0.028 60.4 1.943e5 7.035e6 7.0 ±  3.2 
5 1 184 80 0.0050 30.7 0.194e5 3.576e6 1.4 ±  1.4 
6 4 92 40 0.043 30.7 1.555e5 3.576e6 11.0 ±  5.6 
7 6 30 16 0.2 25.0 5.83e5 2.915e6 50.4 ± 22.6 
8 8 464 100 0.017 62.0 1.244e5 7.214e6 4.4 ±  1.6 
9 1 41 36 0.024 15.2 0.432e5 1.771e6 6.2 ±  6.2 
10 6 61 36 0.098 22.6 2.591e5 2.634e6 24.9 ± 10.7 
11 2 40 16 0.05 33.4 1.943e5 3.887e6 12.6 ±  9.2 
12 7 274 64 0.026 57.2 1.7e5 6.656e6 6.5 ±  2.5 
13 8 194 100 0.041 25.9 1.244e5 3.016e6 10.4 ±  3.8 
14 3 101 60 0.03 22.5 0.777e5 2.617e6 7.5 ±  4.4 
15 0 30 18 0.0 22.3 0.0e5 2.591e6 0.0 ±  0.0 
16 4 131 80 0.031 21.9 0.777e5 2.546e6 7.7 ±  3.9 
17 2 54 32 0.037 22.5 0.972e5 2.624e6 9.4 ±  6.8 
18 8 284 97 0.028 39.1 1.282e5 4.552e6 7.1 ±  2.6 
19 3 184 100 0.016 24.6 0.466e5 2.861e6 4.1 ±  2.4 
20 3 241 100 0.012 32.2 0.466e5 3.747e6 3.2 ±  1.8 
21 4 91 55 0.044 22.1 1.131e5 2.572e6 11.1 ±  5.7 
22 4 118 36 0.034 43.8 1.727e5 5.096e6 8.6 ±  4.4 
23 5 75 40 0.067 25.0 1.943e5 2.915e6 16.9 ±  7.8 
24 2 69 40 0.029 23.0 0.777e5 2.682e6 7.3 ±  5.3 
25 15 582 100 0.026 77.7 2.332e5 9.049e6 6.5 ±  1.7 
______________________________________________________________ 
 124 4097 1546  35.4 1.247e5 4.12e6 
 
Area of basic unit 6.432E-7cm-2 using Mic1:  6.432E-7 
Chi Square = 27.831 with 24 degrees of freedom. 
P(chi square) = 0.03% 
 
Ns/Ni = 0.03 ± 0.0030 
Mean Ratio = 0.04 ± 0.0080 
 
Pooled Age = 7.7 ± 0.7 Ma 
Mean Age = 10.0 ± 2.0 Ma 
Central Age = 8.3 ± 1.0 Ma 
% Variation = 36.93% 
 
Ages calculated using a zeta of 348.0 ± 9.5 for CN5 with 12.5ppm. 











Single grain Dpar data was lost for 17AK13. Average length Dpar data used for all single grains. 
	 79	
Data from sample 17AK09 
Irradiation Number SU64-7, Counted by user: Thomas Warfel 
The mineral is: Apatite 
Elevation:  1775 m, Location: 63.2393, -145.2824 
______________________________________________________________ 
No. Ns Ni Na Ratio U (ppm) Rhos Rhoi Age (Ma) 
______________________________________________________________ 
1 5 111 36 0.045 44.3 2.159e5 4.794e6 10.6 ±  4.9 
2 1 85 60 0.012 20.4 0.259e5 2.203e6 2.8 ±  2.8 
3 2 121 64 0.017 27.2 0.486e5 2.939e6 3.9 ±  2.8 
4 4 125 64 0.032 28.1 0.972e5 3.037e6 7.5 ±  3.8 
5 2 90 60 0.022 21.6 0.518e5 2.332e6 5.2 ±  3.7 
6 1 157 80 0.0060 28.2 0.194e5 3.051e6 1.5 ±  1.5 
7 1 141 100 0.0070 20.3 0.155e5 2.192e6 1.7 ±  1.7 
8 2 110 64 0.018 24.7 0.486e5 2.672e6 4.3 ±  3.1 
9 3 45 40 0.067 16.2 1.166e5 1.749e6 15.7 ±  9.4 
10 2 89 36 0.022 35.5 0.864e5 3.844e6 5.3 ±  3.8 
11 10 405 100 0.025 58.2 1.555e5 6.297e6 5.8 ±  1.9 
12 6 252 100 0.024 36.2 0.933e5 3.918e6 5.6 ±  2.3 
13 2 81 36 0.025 32.3 0.864e5 3.498e6 5.8 ±  4.2 
14 10 275 100 0.036 39.5 1.555e5 4.275e6 8.5 ±  2.8 
15 17 362 100 0.047 52.0 2.643e5 5.628e6 11.0 ±  2.8 
16 3 71 64 0.042 15.9 0.729e5 1.725e6 9.9 ±  5.9 
17 4 184 60 0.022 44.1 1.036e5 4.768e6 5.1 ±  2.6 
18 4 137 64 0.029 30.8 0.972e5 3.328e6 6.9 ±  3.5 
19 9 353 80 0.025 63.4 1.749e5 6.86e6 6.0 ±  2.0 
20 1 96 36 0.01 38.3 0.432e5 4.146e6 2.5 ±  2.5 
21 6 113 36 0.053 45.1 2.591e5 4.88e6 12.5 ±  5.2 
22 2 81 64 0.025 18.2 0.486e5 1.968e6 5.8 ±  4.2 
23 6 259 90 0.023 41.4 1.036e5 4.474e6 5.4 ±  2.3 
24 5 120 48 0.042 35.9 1.62e5 3.887e6 9.8 ±  4.5 
25 7 129 24 0.054 77.3 4.535e5 8.357e6 12.8 ±  5.0 
______________________________________________________________ 
 115 3992 1606  35.7 1.113e5 3.865e6 
 
Area of basic unit 6.432E-7cm-2 using Mic1:  6.432E-7 
Chi Square = 11.589 with 24 degrees of freedom. 
P(chi square) = 50.93% 
 
Ns/Ni = 0.029 ± 0.0030 
Mean Ratio = 0.029 ± 0.0030 
 
Pooled Age = 6.8 ± 0.7 Ma 
Mean Age = 6.9 ± 0.7 Ma 
Central Age = 6.8 ± 0.6 Ma 
% Variation = 2.44% 
 
Ages calculated using a zeta of 348.0 ± 9.5 for CN5 with 12.5ppm. 











Data from sample 17AK11 
Irradiation Number SU64-10, Counted by user: Thomas Warfel 
The mineral is: Apatite 
Elevation:  1552 m, Location: 63.2350, -145.2893 
______________________________________________________________ 
No. Ns Ni Na Ratio U (ppm) Rhos Rhoi Age (Ma) 
______________________________________________________________ 
1 3 13 12 0.231 15.2 3.887e5 1.684e6 55.2 ± 35.4 
2 0 10 6 0.0 23.5 0.0e5 2.591e6 0.0 ±  0.0 
3 0 12 8 0.0 21.1 0.0e5 2.332e6 0.0 ±  0.0 
4 1 6 6 0.167 14.1 2.591e5 1.555e6 39.9 ± 43.1 
5 1 4 4 0.25 14.1 3.887e5 1.555e6 59.8 ± 66.9 
6 0 3 3 0.0 14.1 0.0e5 1.555e6 0.0 ±  0.0 
7 4 13 4 0.308 45.7 15.547e5 5.053e6 73.5 ± 42.1 
8 0 3 4 0.0 10.6 0.0e5 1.166e6 0.0 ±  0.0 
9 0 5 6 0.0 11.7 0.0e5 1.296e6 0.0 ±  0.0 
10 1 10 9 0.1 15.6 1.727e5 1.727e6 24.0 ± 25.2 
11 1 9 9 0.111 14.1 1.727e5 1.555e6 26.6 ± 28.1 
12 3 32 24 0.094 18.8 1.943e5 2.073e6 22.5 ± 13.6 
13 0 12 8 0.0 21.1 0.0e5 2.332e6 0.0 ±  0.0 
14 1 9 4 0.111 31.7 3.887e5 3.498e6 26.6 ± 28.1 
15 0 5 6 0.0 11.7 0.0e5 1.296e6 0.0 ±  0.0 
16 0 4 4 0.0 14.1 0.0e5 1.555e6 0.0 ±  0.0 
17 1 5 4 0.2 17.6 3.887e5 1.943e6 47.9 ± 52.5 
18 1 9 9 0.111 14.1 1.727e5 1.555e6 26.6 ± 28.1 
19 2 5 6 0.4 11.7 5.182e5 1.296e6 95.4 ± 79.9 
20 1 6 4 0.167 21.1 3.887e5 2.332e6 39.9 ± 43.1 
21 1 9 8 0.111 15.8 1.943e5 1.749e6 26.6 ± 28.1 
22 0 6 6 0.0 14.1 0.0e5 1.555e6 0.0 ±  0.0 
23 1 6 4 0.167 21.1 3.887e5 2.332e6 39.9 ± 43.1 
24 3 10 8 0.3 17.6 5.83e5 1.943e6 71.7 ± 47.2 
25 0 6 6 0.0 14.1 0.0e5 1.555e6 0.0 ±  0.0 
______________________________________________________________ 
 25 212 172  17.3 2.26e5 1.916e6 
 
Area of basic unit 6.432E-7cm-2 using Mic1:  6.432E-7 
Chi Square = 8.868 with 24 degrees of freedom. 
P(chi square) = 81.56% 
 
Ns/Ni = 0.118 ± 0.025 
Mean Ratio = 0.113 ± 0.024 
 
Pooled Age = 28.3 ± 6.0 Ma 
Mean Age = 27.1 ± 5.6 Ma 
Central Age = 28.3 ± 6.0 Ma 
% Variation = 0.0% 
 
Ages calculated using a zeta of 348.0 ± 9.5 for CN5 with 12.5ppm. 












Appendix B: Cobble AFT Raw Data and HeFTy Models 
 
Data from sample 3D 
Irradiation Number SU60-9, Counted by user#: Thomas Warfel 
The mineral is: Apatite 
Elevation: 1003 m, Location: 63.230, -145.632 
______________________________________________________________ 
No. Ns Ni Na Ratio U (ppm) Rhos Rhoi Age (Ma) 
______________________________________________________________ 
1 5 12 8 0.417 23.1 9.717e5 2.332e6 90.8 ± 48.4 
2 9 39 24 0.231 25.0 5.83e5 2.526e6 50.4 ± 18.7 
3 31 48 24 0.646 30.8 20.082e5 3.109e6 140.2 ± 32.6 
4 10 42 22 0.238 29.4 7.067e5 2.968e6 52.0 ± 18.4 
5 14 29 12 0.483 37.2 18.138e5 3.757e6 105.1 ± 34.3 
6 32 140 25 0.229 86.3 19.9e5 8.706e6 50.0 ±  9.9 
7 20 92 24 0.217 59.1 12.956e5 5.96e6 47.5 ± 11.8 
8 45 280 85 0.161 50.8 8.231e5 5.121e6 35.2 ±  5.7 
9 8 14 16 0.571 13.5 7.774e5 1.36e6 124.2 ± 55.2 
10 10 15 12 0.667 19.3 12.956e5 1.943e6 144.6 ± 59.2 
11 9 29 9 0.31 49.7 15.547e5 5.01e6 67.7 ± 25.9 
12 13 46 18 0.283 39.4 11.229e5 3.973e6 61.7 ± 19.5 
13 10 25 16 0.4 24.1 9.717e5 2.429e6 87.2 ± 32.7 
14 3 16 12 0.188 20.5 3.887e5 2.073e6 41.0 ± 25.8 
15 8 25 16 0.32 24.1 7.774e5 2.429e6 69.8 ± 28.4 
16 27 187 90 0.144 32.0 4.664e5 3.23e6 31.6 ±  6.6 
17 0 5 16 0.0 4.8 0.0e5 0.486e6 0.0 ±  0.0 
18 10 36 16 0.278 34.7 9.717e5 3.498e6 60.7 ± 21.8 
19 11 100 28 0.11 55.0 6.108e5 5.553e6 24.1 ±  7.7 
20 3 34 12 0.088 43.7 3.887e5 4.405e6 19.3 ± 11.7 
21 20 77 29 0.26 40.9 10.722e5 4.128e6 56.7 ± 14.3 
22 12 31 16 0.387 29.9 11.66e5 3.012e6 84.4 ± 28.8 
23 27 49 16 0.551 47.2 26.236e5 4.761e6 119.8 ± 28.9 
24 7 37 24 0.189 23.8 4.535e5 2.397e6 41.4 ± 17.1 
25 5 29 78 0.172 5.7 0.997e5 0.578e6 37.7 ± 18.3 
______________________________________________________________ 
 349 1437 648  34.2 8.373e5 3.448e6 
 
Area of basic unit 6.432E-7cm-2 using Mic1:  6.432E-7 
Chi Square = 39.321 with 24 degrees of freedom. 
P(chi square) = 0.0% 
 
Ns/Ni = 0.243 ± 0.014 
Mean Ratio = 0.302 ± 0.035 
 
Pooled Age = 53.1 ± 3.5 Ma 
Mean Age = 65.8 ± 7.6 Ma 
Central Age = 60.8 ± 6.6 Ma 
% Variation = 40.9% 
 
Ages calculated using a zeta of 348.0 ± 9.5 for CN5 with 12.5ppm. 










Data from sample 3F 
Irradiation Number SU60-11, Counted by user#: Thomas Warfel 
The mineral is: Apatite 
Elevation: 1003 m, Location: 63.230, -145.632 
______________________________________________________________ 
No. Ns Ni Na Ratio U (ppm) Rhos Rhoi Age (Ma) 
______________________________________________________________ 
1 9 22 60 0.409 5.6 2.332e5 0.57e6 90.6 ± 36.0 
2 0 4 16 0.0 3.8 0.0e5 0.389e6 0.0 ±  0.0 
3 10 27 32 0.37 12.8 4.859e5 1.312e6 82.1 ± 30.5 
4 1 15 24 0.067 9.5 0.648e5 0.972e6 14.9 ± 15.3 
5 2 30 54 0.067 8.4 0.576e5 0.864e6 14.9 ± 10.9 
6 6 18 25 0.333 10.9 3.731e5 1.119e6 73.9 ± 34.9 
7 3 6 12 0.5 7.6 3.887e5 0.777e6 110.6 ± 78.3 
8 4 50 40 0.08 18.9 1.555e5 1.943e6 17.8 ±  9.3 
9 2 8 18 0.25 6.7 1.727e5 0.691e6 55.5 ± 43.9 
10 2 13 24 0.154 8.2 1.296e5 0.842e6 34.2 ± 26.0 
11 2 41 40 0.049 15.5 0.777e5 1.594e6 10.9 ±  7.9 
12 19 37 80 0.514 7.0 3.692e5 0.719e6 113.5 ± 32.2 
13 2 33 33 0.061 15.2 0.942e5 1.555e6 13.5 ±  9.8 
14 4 13 16 0.308 12.3 3.887e5 1.263e6 68.3 ± 39.1 
15 11 41 90 0.268 6.9 1.9e5 0.708e6 59.6 ± 20.3 
16 5 15 32 0.333 7.1 2.429e5 0.729e6 73.9 ± 38.2 
17 7 41 80 0.171 7.8 1.36e5 0.797e6 38.0 ± 15.6 
18 7 33 70 0.212 7.1 1.555e5 0.733e6 47.1 ± 19.7 
19 9 27 52 0.333 7.9 2.691e5 0.807e6 73.9 ± 28.5 
20 9 28 21 0.321 20.2 6.663e5 2.073e6 71.3 ± 27.4 
21 3 11 24 0.273 6.9 1.943e5 0.713e6 60.6 ± 39.5 
22 3 7 20 0.429 5.3 2.332e5 0.544e6 94.9 ± 65.5 
23 15 125 94 0.12 20.2 2.481e5 2.067e6 26.7 ±  7.3 
24 12 40 90 0.3 6.7 2.073e5 0.691e6 66.6 ± 22.0 
25 7 55 60 0.127 13.9 1.814e5 1.425e6 28.3 ± 11.4 
______________________________________________________________ 
 154 740 1107  10.1 2.163e5 1.039e6 
 
Area of basic unit 6.432E-7cm-2 using Mic1:  6.432E-7 
Chi Square = 24.562 with 24 degrees of freedom. 
P(chi square) = 0.18% 
 
Ns/Ni = 0.208 ± 0.018 
Mean Ratio = 0.242 ± 0.029 
 
Pooled Age = 46.3 ± 4.3 Ma 
Mean Age = 53.7 ± 6.5 Ma 
Central Age = 49.0 ± 6.3 Ma 
% Variation = 42.81% 
 
Ages calculated using a zeta of 348.0 ± 9.5 for CN5 with 12.5ppm. 









Data from sample 3I 
Irradiation Number SU60-12, Counted by user#: Thomas Warfel 
The mineral is: Apatite 
Elevation: 1003 m, Location: 63.230, -145.632 
______________________________________________________________ 
No. Ns Ni Na Ratio U (ppm) Rhos Rhoi Age (Ma) 
______________________________________________________________ 
1 2 18 8 0.111 33.8 3.887e5 3.498e6 24.9 ± 18.6 
2 1 6 6 0.167 15.0 2.591e5 1.555e6 37.4 ± 40.4 
3 2 5 8 0.4 9.4 3.887e5 0.972e6 89.3 ± 74.8 
4 4 9 6 0.444 22.6 10.365e5 2.332e6 99.1 ± 59.7 
5 1 3 4 0.333 11.3 3.887e5 1.166e6 74.5 ± 86.1 
6 1 8 6 0.125 20.1 2.591e5 2.073e6 28.0 ± 29.8 
7 3 18 9 0.167 30.1 5.182e5 3.109e6 37.4 ± 23.3 
8 7 29 15 0.241 29.1 7.255e5 3.006e6 54.0 ± 22.8 
9 1 8 6 0.125 20.1 2.591e5 2.073e6 28.0 ± 29.8 
10 7 10 6 0.7 25.1 18.138e5 2.591e6 155.5 ± 76.8 
11 1 5 3 0.2 25.1 5.182e5 2.591e6 44.8 ± 49.1 
12 1 6 6 0.167 15.0 2.591e5 1.555e6 37.4 ± 40.4 
13 5 21 15 0.238 21.1 5.182e5 2.177e6 53.3 ± 26.6 
14 1 4 6 0.25 10.0 2.591e5 1.036e6 56.0 ± 62.6 
15 3 3 4 1.0 11.3 11.66e5 1.166e6 221.0 ± 180.5 
16 11 40 25 0.275 24.1 6.841e5 2.488e6 61.5 ± 21.0 
17 6 21 10 0.286 31.6 9.328e5 3.265e6 63.9 ± 29.6 
18 0 9 6 0.0 22.6 0.0e5 2.332e6 0.0 ±  0.0 
19 6 11 12 0.545 13.8 7.774e5 1.425e6 121.5 ± 61.8 
20 3 9 8 0.333 16.9 5.83e5 1.749e6 74.5 ± 49.7 
21 4 28 9 0.143 46.8 6.91e5 4.837e6 32.0 ± 17.1 
22 2 14 6 0.143 35.1 5.182e5 3.628e6 32.0 ± 24.2 
23 0 14 6 0.0 35.1 0.0e5 3.628e6 0.0 ±  0.0 
24 0 5 4 0.0 18.8 0.0e5 1.943e6 0.0 ±  0.0 
25 14 84 32 0.167 39.5 6.802e5 4.081e6 37.4 ± 10.8 
______________________________________________________________ 
 86 388 226  25.8 5.916e5 2.669e6 
 
Area of basic unit 6.432E-7cm-2 using Mic1:  6.432E-7 
Chi Square = 13.401 with 24 degrees of freedom. 
P(chi square) = 31.38% 
 
Ns/Ni = 0.222 ± 0.026 
Mean Ratio = 0.262 ± 0.045 
 
Pooled Age = 49.6 ± 6.1 Ma 
Mean Age = 58.7 ± 10.0 Ma 
Central Age = 49.7 ± 6.0 Ma 
% Variation = 2.37% 
 
Ages calculated using a zeta of 348.0 ± 9.5 for CN5 with 12.5ppm. 












Data from sample 1A 
Irradiation Number SU59-12, Counted by user: Thomas Warfel 
The mineral is: Apatite 
Elevation: 1042 m, Location: 63.236, -145.607 
______________________________________________________________ 
No. Ns Ni Na Ratio U (ppm) Rhos Rhoi Age (Ma) 
______________________________________________________________ 
1 22 58 24 0.379 37.3 14.252e5 3.757e6 82.5 ± 20.8 
2 11 57 60 0.193 14.7 2.85e5 1.477e6 42.1 ± 13.9 
3 3 10 20 0.3 7.7 2.332e5 0.777e6 65.3 ± 43.1 
4 17 69 36 0.246 29.6 7.342e5 2.98e6 53.7 ± 14.6 
5 6 27 15 0.222 27.8 6.219e5 2.799e6 48.5 ± 21.9 
6 5 14 9 0.357 24.0 8.637e5 2.418e6 77.7 ± 40.5 
7 2 19 16 0.105 18.3 1.943e5 1.846e6 23.0 ± 17.1 
8 8 16 9 0.5 27.5 13.82e5 2.764e6 108.5 ± 47.1 
9 5 20 18 0.25 17.2 4.319e5 1.727e6 54.5 ± 27.3 
10 4 40 40 0.1 15.4 1.555e5 1.555e6 21.9 ± 11.5 
11 4 5 6 0.8 12.9 10.365e5 1.296e6 172.8 ± 116.0 
12 7 25 29 0.28 13.3 3.753e5 1.34e6 61.0 ± 26.1 
13 6 21 30 0.286 10.8 3.109e5 1.088e6 62.2 ± 28.9 
14 9 12 16 0.75 11.6 8.745e5 1.166e6 162.1 ± 71.6 
15 11 30 32 0.367 14.5 5.344e5 1.458e6 79.8 ± 28.2 
16 4 16 9 0.25 27.5 6.91e5 2.764e6 54.5 ± 30.5 
17 8 17 25 0.471 10.5 4.975e5 1.057e6 102.2 ± 43.9 
18 8 31 34 0.258 14.1 3.658e5 1.418e6 56.2 ± 22.4 
19 20 85 90 0.235 14.6 3.455e5 1.468e6 51.3 ± 12.8 
20 2 8 10 0.25 12.4 3.109e5 1.244e6 54.5 ± 43.1 
21 5 16 18 0.313 13.7 4.319e5 1.382e6 68.0 ± 34.9 
22 9 43 48 0.209 13.8 2.915e5 1.393e6 45.7 ± 16.8 
23 3 10 24 0.3 6.4 1.943e5 0.648e6 65.3 ± 43.1 
24 6 14 18 0.429 12.0 5.182e5 1.209e6 93.1 ± 45.5 
25 11 12 40 0.917 4.6 4.275e5 0.466e6 197.6 ± 82.7 
______________________________________________________________ 
 196 675 676  15.4 4.508e5 1.552e6 
 
Area of basic unit 6.432E-7cm-2 using Mic1:  6.432E-7 
Chi Square = 15.96 with 24 degrees of freedom. 
P(chi square) = 12.9% 
 
Ns/Ni = 0.29 ± 0.024 
Mean Ratio = 0.351 ± 0.041 
 
Pooled Age = 63.2 ± 5.5 Ma 
Mean Age = 76.3 ± 8.7 Ma 
Central Age = 64.5 ± 5.9 Ma 
% Variation = 18.22% 
 
Ages calculated using a zeta of 348.0 ± 9.5 for CN5 with 12.5ppm. 











Data from sample 1F 
Irradiation Number SU60-4, Counted by user#: Thomas Warfel 
The mineral is: Apatite 
Elevation: 1042 m, Location: 63.236, -145.607 
______________________________________________________________ 
No. Ns Ni Na Ratio U (ppm) Rhos Rhoi Age (Ma) 
______________________________________________________________ 
1 7 62 48 0.113 20.8 2.267e5 2.008e6 23.7 ±  9.5 
2 1 11 10 0.091 17.7 1.555e5 1.71e6 19.1 ± 20.0 
3 8 44 36 0.182 19.6 3.455e5 1.9e6 38.1 ± 14.7 
4 19 96 86 0.198 17.9 3.435e5 1.736e6 41.5 ± 10.5 
5 25 103 35 0.243 47.3 11.105e5 4.575e6 50.9 ± 11.4 
6 8 14 24 0.571 9.4 5.182e5 0.907e6 119.1 ± 52.9 
7 14 93 60 0.151 24.9 3.628e5 2.41e6 31.6 ±  9.1 
8 12 90 36 0.133 40.2 5.182e5 3.887e6 28.0 ±  8.6 
9 31 199 54 0.156 59.2 8.925e5 5.729e6 32.7 ±  6.4 
10 3 32 24 0.094 21.4 1.943e5 2.073e6 19.7 ± 11.9 
11 24 130 64 0.185 32.7 5.83e5 3.158e6 38.7 ±  8.7 
12 23 163 60 0.141 43.7 5.96e5 4.224e6 29.6 ±  6.7 
13 36 260 36 0.138 116.1 15.547e5 11.229e6 29.1 ±  5.2 
14 17 111 24 0.153 74.3 11.013e5 7.191e6 32.1 ±  8.4 
15 16 99 32 0.162 49.7 7.774e5 4.81e6 33.9 ±  9.2 
16 3 26 30 0.115 13.9 1.555e5 1.347e6 24.2 ± 14.8 
17 9 57 48 0.158 19.1 2.915e5 1.846e6 33.1 ± 11.9 
18 12 54 32 0.222 27.1 5.83e5 2.624e6 46.6 ± 14.9 
19 16 53 48 0.302 17.7 5.182e5 1.717e6 63.2 ± 18.1 
20 17 87 24 0.195 58.3 11.013e5 5.636e6 41.0 ± 10.9 
21 12 38 36 0.316 17.0 5.182e5 1.641e6 66.1 ± 22.0 
22 13 70 48 0.186 23.4 4.211e5 2.267e6 39.0 ± 11.8 
23 9 42 24 0.214 28.1 5.83e5 2.721e6 44.9 ± 16.6 
24 4 16 24 0.25 10.7 2.591e5 1.036e6 52.4 ± 29.3 
25 25 100 30 0.25 53.6 12.956e5 5.182e6 52.4 ± 11.8 
______________________________________________________________ 
 364 2050 973  33.9 5.816e5 3.276e6 
 
Area of basic unit 6.432E-7cm-2 using Mic1:  6.432E-7 
Chi Square = 14.475 with 24 degrees of freedom. 
P(chi square) = 22.2% 
 
Ns/Ni = 0.178 ± 0.01 
Mean Ratio = 0.197 ± 0.02 
 
Pooled Age = 37.2 ± 2.4 Ma 
Mean Age = 41.3 ± 4.1 Ma 
Central Age = 37.3 ± 2.2 Ma 
% Variation = 3.03% 
 
Ages calculated using a zeta of 348.0 ± 9.5 for CN5 with 12.5ppm. 












Data from sample 1H 
Irradiation Number SU60-3, Counted by user#: Thomas Warfel 
The mineral is: Apatite 
Elevation: 1042 m, Location: 63.236, -145.607 
______________________________________________________________ 
No. Ns Ni Na Ratio U (ppm) Rhos Rhoi Age (Ma) 
______________________________________________________________ 
1 3 8 18 0.375 7.2 2.591e5 0.691e6 77.8 ± 52.7 
2 5 6 12 0.833 8.1 6.478e5 0.777e6 171.6 ± 104.0 
3 1 6 12 0.167 8.1 1.296e5 0.777e6 34.7 ± 37.5 
4 4 6 15 0.667 6.5 4.146e5 0.622e6 137.6 ± 88.9 
5 5 9 16 0.556 9.1 4.859e5 0.875e6 114.9 ± 64.2 
6 8 10 27 0.8 6.0 4.607e5 0.576e6 164.8 ± 78.3 
7 2 3 12 0.667 4.1 2.591e5 0.389e6 137.6 ± 125.7 
8 5 9 18 0.556 8.1 4.319e5 0.777e6 114.9 ± 64.2 
9 7 14 36 0.5 6.3 3.023e5 0.605e6 103.5 ± 48.0 
10 6 4 12 1.5 5.4 7.774e5 0.518e6 305.6 ± 197.5 
11 1 3 12 0.333 4.1 1.296e5 0.389e6 69.2 ± 79.9 
12 3 10 29 0.3 5.6 1.608e5 0.536e6 62.3 ± 41.0 
13 1 2 15 0.5 2.2 1.036e5 0.207e6 103.5 ± 126.8 
14 5 4 12 1.25 5.4 6.478e5 0.518e6 255.6 ± 171.7 
15 1 4 16 0.25 4.1 0.972e5 0.389e6 51.9 ± 58.1 
16 11 21 70 0.524 4.9 2.443e5 0.466e6 108.4 ± 40.5 
17 7 7 25 1.0 4.5 4.353e5 0.435e6 205.3 ± 109.9 
18 4 3 9 1.333 5.4 6.91e5 0.518e6 272.3 ± 208.2 
19 6 7 18 0.857 6.3 5.182e5 0.605e6 176.4 ± 98.3 
20 5 5 12 1.0 6.8 6.478e5 0.648e6 205.3 ± 130.0 
21 4 8 16 0.5 8.1 3.887e5 0.777e6 103.5 ± 63.4 
22 4 4 12 1.0 5.4 5.182e5 0.518e6 205.3 ± 145.3 
23 3 7 9 0.429 12.6 5.182e5 1.209e6 88.8 ± 61.3 
24 10 5 14 2.0 5.8 11.105e5 0.555e6 404.3 ± 221.8 
25 2 8 18 0.25 7.2 1.727e5 0.691e6 51.9 ± 41.1 
______________________________________________________________ 
 113 173 465  6.0 3.778e5 0.578e6 
 
Area of basic unit 6.432E-7cm-2 using Mic1:  6.432E-7 
Chi Square = 9.282 with 24 degrees of freedom. 
P(chi square) = 77.48% 
 
Ns/Ni = 0.653 ± 0.079 
Mean Ratio = 0.726 ± 0.088 
 
Pooled Age = 134.8 ± 16.8 Ma 
Mean Age = 149.7 ± 17.9 Ma 
Central Age = 134.8 ± 16.4 Ma 
% Variation = 0.0% 
 
Ages calculated using a zeta of 348.0 ± 9.5 for CN5 with 12.5ppm. 












Data from sample 1K 
Irradiation Number SU60-5, Counted by user#: Thomas Warfel 
The mineral is: Apatite 
Elevation: 1042 m, Location: 63.236, -145.607 
______________________________________________________________ 
No. Ns Ni Na Ratio U (ppm) Rhos Rhoi Age (Ma) 
______________________________________________________________ 
1 9 8 18 1.125 7.1 7.774e5 0.691e6 234.3 ± 114.1 
2 4 15 16 0.267 14.9 3.887e5 1.458e6 56.3 ± 31.7 
3 12 37 17 0.324 34.7 10.975e5 3.384e6 68.4 ± 22.8 
4 7 11 12 0.636 14.6 9.069e5 1.425e6 133.6 ± 64.7 
5 11 25 15 0.44 26.6 11.401e5 2.591e6 92.7 ± 33.6 
6 2 9 16 0.222 9.0 1.943e5 0.875e6 47.0 ± 36.7 
7 2 11 10 0.182 17.5 3.109e5 1.71e6 38.4 ± 29.6 
8 3 7 9 0.429 12.4 5.182e5 1.209e6 90.3 ± 62.3 
9 5 20 9 0.25 35.4 8.637e5 3.455e6 52.8 ± 26.5 
10 6 23 12 0.261 30.6 7.774e5 2.98e6 55.1 ± 25.3 
11 6 27 12 0.222 35.9 7.774e5 3.498e6 47.0 ± 21.2 
12 11 16 36 0.688 7.1 4.751e5 0.691e6 144.2 ± 56.6 
13 2 5 21 0.4 3.8 1.481e5 0.37e6 84.3 ± 70.6 
14 3 5 9 0.6 8.9 5.182e5 0.864e6 126.0 ± 92.1 
15 3 6 12 0.5 8.0 3.887e5 0.777e6 105.2 ± 74.4 
16 3 15 12 0.2 19.9 3.887e5 1.943e6 42.3 ± 26.8 
17 3 14 15 0.214 14.9 3.109e5 1.451e6 45.3 ± 28.8 
18 6 10 12 0.6 13.3 7.774e5 1.296e6 126.0 ± 65.2 
19 10 18 30 0.556 9.6 5.182e5 0.933e6 116.8 ± 46.2 
20 4 6 12 0.667 8.0 5.182e5 0.777e6 139.9 ± 90.4 
21 28 93 72 0.301 20.6 6.046e5 2.008e6 63.5 ± 13.8 
22 5 9 12 0.556 12.0 6.478e5 1.166e6 116.8 ± 65.2 
23 3 12 10 0.25 19.1 4.664e5 1.866e6 52.8 ± 34.1 
24 3 12 8 0.25 23.9 5.83e5 2.332e6 52.8 ± 34.1 
25 6 13 14 0.462 14.8 6.663e5 1.444e6 97.2 ± 48.0 
______________________________________________________________ 
 157 427 421  16.2 5.798e5 1.577e6 
 
Area of basic unit 6.432E-7cm-2 using Mic1:  6.432E-7 
Chi Square = 10.973 with 24 degrees of freedom. 
P(chi square) = 58.25% 
 
Ns/Ni = 0.368 ± 0.034 
Mean Ratio = 0.424 ± 0.044 
 
Pooled Age = 77.5 ± 7.6 Ma 
Mean Age = 89.3 ± 9.2 Ma 
Central Age = 77.5 ± 7.3 Ma 
% Variation = 0.05% 
 
Ages calculated using a zeta of 348.0 ± 9.5 for CN5 with 12.5ppm. 












Data from sample 2G 
Irradiation Number SU60-8, Counted by user#: Thomas Warfel 
The mineral is: Apatite 
Elevation: 1020 m, Location: 63.205, -145.546 
______________________________________________________________ 
No. Ns Ni Na Ratio U (ppm) Rhos Rhoi Age (Ma) 
______________________________________________________________ 
1 2 9 16 0.222 8.7 1.943e5 0.875e6 48.2 ± 37.7 
2 5 9 18 0.556 7.8 4.319e5 0.777e6 119.9 ± 67.0 
3 8 15 30 0.533 7.8 4.146e5 0.777e6 115.2 ± 50.5 
4 5 14 24 0.357 9.1 3.239e5 0.907e6 77.3 ± 40.4 
5 3 4 12 0.75 5.2 3.887e5 0.518e6 161.3 ± 123.3 
6 2 6 10 0.333 9.3 3.109e5 0.933e6 72.2 ± 59.0 
7 3 13 40 0.231 5.0 1.166e5 0.505e6 50.1 ± 32.1 
8 3 10 20 0.3 7.8 2.332e5 0.777e6 65.0 ± 42.8 
9 4 6 40 0.667 2.3 1.555e5 0.233e6 143.6 ± 92.8 
10 4 16 36 0.25 6.9 1.727e5 0.691e6 54.2 ± 30.4 
11 5 10 16 0.5 9.7 4.859e5 0.972e6 108.0 ± 59.2 
12 4 20 24 0.2 12.9 2.591e5 1.296e6 43.4 ± 23.8 
13 4 12 40 0.333 4.7 1.555e5 0.466e6 72.2 ± 41.7 
14 5 9 16 0.556 8.7 4.859e5 0.875e6 119.9 ± 67.0 
15 13 29 78 0.448 5.8 2.591e5 0.578e6 96.9 ± 32.5 
16 8 9 30 0.889 4.7 4.146e5 0.466e6 190.8 ± 92.9 
17 4 12 18 0.333 10.3 3.455e5 1.036e6 72.2 ± 41.7 
18 5 7 16 0.714 6.8 4.859e5 0.68e6 153.8 ± 90.1 
19 2 7 12 0.286 9.1 2.591e5 0.907e6 61.9 ± 49.7 
20 7 19 30 0.368 9.8 3.628e5 0.985e6 79.8 ± 35.3 
21 2 8 18 0.25 6.9 1.727e5 0.691e6 54.2 ± 42.9 
22 8 17 50 0.471 5.3 2.488e5 0.529e6 101.7 ± 43.7 
23 2 12 40 0.167 4.7 0.777e5 0.466e6 36.2 ± 27.7 
24 7 6 16 1.167 5.8 6.802e5 0.583e6 249.3 ± 138.9 
25 4 10 24 0.4 6.5 2.591e5 0.648e6 86.6 ± 51.3 
______________________________________________________________ 
 119 289 674  6.7 2.745e5 0.667e6 
 
Area of basic unit 6.432E-7cm-2 using Mic1:  6.432E-7 
Chi Square = 8.368 with 24 degrees of freedom. 
P(chi square) = 85.97% 
 
Ns/Ni = 0.412 ± 0.045 
Mean Ratio = 0.451 ± 0.048 
 
Pooled Age = 89.1 ± 10.1 Ma 
Mean Age = 97.6 ± 10.2 Ma 
Central Age = 89.1 ± 9.8 Ma 
% Variation = 0.0% 
 
Ages calculated using a zeta of 348.0 ± 9.5 for CN5 with 12.5ppm. 












Data from sample 4D 
Irradiation Number SU60-13, Counted by user#: Thomas Warfel 
The mineral is: Apatite 
Elevation:  1237 m, Location: 63.219, -145.439 
______________________________________________________________ 
No. Ns Ni Na Ratio U (ppm) Rhos Rhoi Age (Ma) 
______________________________________________________________ 
1 21 144 68 0.146 31.6 4.801e5 3.292e6 33.0 ±  7.8 
2 5 23 16 0.217 21.5 4.859e5 2.235e6 49.1 ± 24.3 
3 6 12 64 0.5 2.8 1.458e5 0.292e6 112.3 ± 56.2 
4 12 50 80 0.24 9.3 2.332e5 0.972e6 54.1 ± 17.5 
5 7 41 40 0.171 15.3 2.721e5 1.594e6 38.6 ± 15.8 
6 7 75 40 0.093 28.0 2.721e5 2.915e6 21.1 ±  8.4 
7 10 35 18 0.286 29.0 8.637e5 3.023e6 64.4 ± 23.2 
8 8 22 18 0.364 18.2 6.91e5 1.9e6 81.9 ± 33.9 
9 30 135 60 0.222 33.6 7.774e5 3.498e6 50.1 ± 10.2 
10 11 44 40 0.25 16.4 4.275e5 1.71e6 56.4 ± 19.1 
11 10 83 32 0.12 38.7 4.859e5 4.033e6 27.2 ±  9.2 
12 1 8 16 0.125 7.5 0.972e5 0.777e6 28.3 ± 30.0 
13 3 14 16 0.214 13.1 2.915e5 1.36e6 48.4 ± 30.8 
14 4 29 40 0.138 10.8 1.555e5 1.127e6 31.2 ± 16.7 
15 7 88 72 0.08 18.2 1.512e5 1.9e6 18.0 ±  7.1 
16 4 45 100 0.089 6.7 0.622e5 0.7e6 20.1 ± 10.5 
17 6 35 32 0.171 16.3 2.915e5 1.7e6 38.7 ± 17.1 
18 8 41 24 0.195 25.5 5.182e5 2.656e6 44.1 ± 17.1 
19 3 13 16 0.231 12.1 2.915e5 1.263e6 52.1 ± 33.4 
20 3 43 100 0.07 6.4 0.466e5 0.669e6 15.8 ±  9.4 
21 8 52 100 0.154 7.8 1.244e5 0.808e6 34.8 ± 13.2 
22 14 129 64 0.109 30.1 3.401e5 3.134e6 24.5 ±  6.9 
23 7 33 48 0.212 10.3 2.267e5 1.069e6 47.9 ± 20.0 
24 21 62 100 0.339 9.3 3.265e5 0.964e6 76.3 ± 19.4 
25 3 15 64 0.2 3.5 0.729e5 0.364e6 45.2 ± 28.6 
______________________________________________________________ 
 219 1271 1268  15.0 2.685e5 1.558e6 
 
Area of basic unit 6.432E-7cm-2 using Mic1:  6.432E-7 
Chi Square = 19.098 with 24 degrees of freedom. 
P(chi square) = 3.31% 
 
Ns/Ni = 0.172 ± 0.013 
Mean Ratio = 0.197 ± 0.02 
 
Pooled Age = 38.9 ± 3.1 Ma 
Mean Age = 44.6 ± 4.4 Ma 
Central Age = 40.1 ± 3.9 Ma 
% Variation = 27.37% 
 
Ages calculated using a zeta of 348.0 ± 9.5 for CN5 with 12.5ppm. 












Data from sample 4G 
Irradiation Number SU60-15, Counted by user#: Thomas Warfel 
The mineral is: Apatite 
Elevation: 1237 m, Location: 63.219, -145.439 
______________________________________________________________ 
No. Ns Ni Na Ratio U (ppm) Rhos Rhoi Age (Ma) 
______________________________________________________________ 
1 3 23 25 0.13 13.5 1.866e5 1.43e6 31.1 ± 19.1 
2 3 38 24 0.079 23.3 1.943e5 2.462e6 18.8 ± 11.3 
3 4 25 18 0.16 20.4 3.455e5 2.159e6 38.1 ± 20.5 
4 4 28 42 0.143 9.8 1.481e5 1.036e6 34.0 ± 18.2 
5 1 11 15 0.091 10.8 1.036e5 1.14e6 21.7 ± 22.6 
6 2 6 15 0.333 5.9 2.073e5 0.622e6 79.1 ± 64.6 
7 2 15 20 0.133 11.0 1.555e5 1.166e6 31.8 ± 23.9 
8 5 51 56 0.098 13.4 1.388e5 1.416e6 23.4 ± 11.0 
9 4 18 20 0.222 13.2 3.109e5 1.399e6 52.8 ± 29.3 
10 6 16 64 0.375 3.7 1.458e5 0.389e6 88.9 ± 42.7 
11 1 15 16 0.067 13.8 0.972e5 1.458e6 15.9 ± 16.4 
12 15 90 15 0.167 88.1 15.547e5 9.328e6 39.7 ± 11.1 
13 16 59 60 0.271 14.4 4.146e5 1.529e6 64.4 ± 18.3 
14 3 14 12 0.214 17.1 3.887e5 1.814e6 51.0 ± 32.5 
15 3 9 12 0.333 11.0 3.887e5 1.166e6 79.1 ± 52.8 
16 1 18 12 0.056 22.0 1.296e5 2.332e6 13.3 ± 13.6 
17 11 44 80 0.25 8.1 2.138e5 0.855e6 59.4 ± 20.1 
18 2 10 12 0.2 12.2 2.591e5 1.296e6 47.6 ± 36.9 
19 11 23 49 0.478 6.9 3.49e5 0.73e6 113.2 ± 41.6 
20 5 18 24 0.278 11.0 3.239e5 1.166e6 66.0 ± 33.4 
21 8 35 48 0.229 10.7 2.591e5 1.134e6 54.4 ± 21.4 
22 4 21 36 0.19 8.6 1.727e5 0.907e6 45.3 ± 24.8 
23 3 13 18 0.231 10.6 2.591e5 1.123e6 54.9 ± 35.2 
24 4 28 40 0.143 10.3 1.555e5 1.088e6 34.0 ± 18.2 
25 11 49 28 0.224 25.7 6.108e5 2.721e6 53.4 ± 17.9 
______________________________________________________________ 
 132 677 761  13.1 2.697e5 1.383e6 
 
Area of basic unit 6.432E-7cm-2 using Mic1:  6.432E-7 
Chi Square = 11.153 with 24 degrees of freedom. 
P(chi square) = 56.1% 
 
Ns/Ni = 0.195 ± 0.019 
Mean Ratio = 0.204 ± 0.021 
 
Pooled Age = 46.4 ± 4.6 Ma 
Mean Age = 48.5 ± 4.9 Ma 
Central Age = 46.4 ± 4.5 Ma 
% Variation = 2.54% 
 
Ages calculated using a zeta of 361.0 ± 10.0 for CN5 with 12.5ppm. 
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